Le . ° 
Glevtiticate 


DEIONISED EFFLUENT ANALYSIS 


-r, lron, Lead, all trace metals 


RESULTS 


Nel ane[idaase 

Below 0.1 p.p.m 

Is folameltavaqae 

iN Telamelaasa dae 

No coloration with 
Nessler’s reagent 

Not present 
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SUPPLY CIV'S:ON 


LIBRARY. 





WITH HONOURS 
5 SUBJECTS 


Simplicity (no regeneration) 
Speed (15—80 litres/hour flow rate) 
Economy (negligible effluent cost) 
Quality (effluent certificate) 
Modesty (£32 initial cost) 


These are the outstanding features for which 
ELGASTAT Deionisers are universally ac- 
claimed. At least one of these serves in every 
University, and in leading research labora- 
tories throughout the world. 


Our publication LP/F.3 includes a paper 
‘Deionisation in the Laboratory’ and gives 
effluent cost for your own area. May we 
send you a copy? 


If its fon Exchange— 


ask FIG Y srs 


ELGA PRODUCTS LIMITED 
lon Exchange Division, Lane End, 
Bucks. 

Telephone: LANE END 396 








Materials sampling stage by stage 





WITH IC LABORATORY EQUIPMENT 


The need for accurate sampling 
of many bulk materials on belt 
conveyor installations is met by 
the IC Pollock Sampler. Simple, 
robust, and easy to maintain, its 
reliable performance has been 
proved by 


station service, and it fully con- 


prolonged power 
forms to B.S. limits of accuracy. 
The can be 
applied to new or existing belt 


sampler readily 
conveyor installations with mini- 
mum alteration to lay-out of 
plant. 
range of IC Laboratory Equip- 
ment for sampling, sizing and 
grinding through every stage of 
materials testing. 


It is part of an extensive 





The TYLER Sample Reducer 
reduces a large sample to a representative 
sixteenth part in only one operation. A 1-lb. 
sample for sieve tests can be obtained from 
256 lb. of material with only two reductions. 


INTE IONAL 








provides a uniform mechanical shaking method 
from test to test. It handles up to thirteen 
8-in, diameter sieves in a single operation. 


Send for full details 


The RO-TAP Sieve Shaker 

























The RAYMOND Laboratory Mill 


carries out experimental grinding of non- 
abrasive dry materials in batches of afew ounces 
to several pounds at atime. Five interchangeable 
screens provided for varying degrees of fineness 


Elutriators, ROVAC Filter, TY-LAB Tester 


COMBUSTION PRODUCTS LIMITED, 


Member of Atomic Power Constructions Ltd., one of the five British Nuclear Energy Groups. 


London Office: Nineteen Woburn Place, W.C.1 Tel: Terminus 2833 Works: Derby, England 
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Double 
tap 
talk 


*... let’s get this straight. If you want water 
of distilled quality, of twin-bed 
arrangements will do. If you want conductivity 








one those 
quality, you need a mixed-bed cartridge like the 
“Loughborough” deioniser. But not both ways.’ 

‘ But there, my dear sir, is where you are 
wrong! You can have “distilled” or “‘conductivity” 
water—up to 30 gallons an hour of it—from 
Loughborough’s new Stonwata A.300 deioniser.’ 

* Now, a * Distilled ” 
“ conductivity ” water out of the same tap? 
That’s stretching it a bit far, isn’t it?’ 

‘Not a bit. The A.300 is really two units in 
one. The multi-bed unit produces “ distilled ” 
water. You can either use it as it is, or pass it 
through the mixed-bed cartridge to step it up to 
* conductivity ~ level — all at the turn of a tap.’ 

‘Mm! Sounds feasible — but I shudder to 
think of the regeneration problems.’ 

‘Not with this The clever the 
multi-bed unit’s been designed makes that very 
simple — you just fill up the built-in tanks with 


just minute! or 


one, way 


regenerants, open the valves, and in an hour it Is 
ready to yield another 300 to 2,000 gallons, accord- 
ing to your water supply.’ 

‘And the cartridge ...?’ 

‘Oh! That goes back to Loughborough, but 
since it has “ distilled * water fed to it, you only 
need to do this every 1,000 gallons or so.’ 

* 300-2,000 gallons, eh ? I'm going to find out 
more about this.’ 

‘ Well, you only have to drop a line to.. 


LOUGHBOROUGH GLASS COMPANY LTD., LOUGHBOROUGH, LEICS. 


TELEPHONE: LOUGHBOROUGH 4881 TELEGRAMS: GLASS-TELEX-LOUGHBOROUGH TELEX: 34/629 
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University Press 


Oxford 





Medical Museum 
Technology 


J. J. EDWARDS: Chief Technologist, The London Hospital Medical College 
Museum 
and M. J. EDWARDS 


As so many of the new techniques used for the preservation and mounting of 
specimens for medical museums can only be found in scattered articles in a 
host of technical periodicals, this book, which sets out to give an account of all 
aspects of medical museum technology, should be invaluable to those under- 
taking such work. Medical museum technology has been interpreted in a very 
wide sense as comprising the preservation of all forms of tissue for teaching 
purposes or for research; it is not restricted solely to pathological material. 
Although all important current techniques have been included and all new 
methods noted, full descriptions have been given only for techniques that have 
withstood the test of time, since in a museum this is the most important test of 
all. Methods that have been replaced by new—and better-proved—techniques 
have been completely disregarded. 

The history of museum technology has been described at length in the early 
chapters of the book as it is hoped that this historical analysis of the lines on 
which new techniques have developed will give to the accounts of current 
techniques a coherence that they might otherwise lack. 


CONTENTS 

PART 1. TECHNIQUE TO THE MID-NINETEENTH CENTURY 
Early Methods of Preparation—The Established Technica! Tradition 
—Early Medical Museums 


PART 2. THE DISCOVERY OF FORMALIN PRESERVATION 
Blum—Jores—Kaiserling 

PART 3. MODERN TECHNIQUES 
The Preservation of Specimens—The Technique of Liquid Mounting 
—Colour Injection—The Use of Solid Plastic, and Paper for Moun- 
ting—The Maceration and Articulation of Bones—Casts—Trans- 
parencies—The Organization of the Medical Museum—References— 
List of Suppliers—Index 


182 pages 41 illustrations 21s. net 
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Highest quality... 
now lowest cost 


the world’s accepted Standard... 


laboratory filing systems 


Used in laboratories throughout the world for over three 
decades, the *Technicon Lab-Aid cabinets now proudly dis- 
play the label... 


MADE IN ENGLAND 


Yes it’s true, we not only offer you a new price, the lowest 

known, but also the exceptional Technicon Service. The Tech- 

nicon all steel Lab-Aid cabinets, designed by experts who 
have a working knowledge of your laboratory problems, offer 

a complete laboratory filing system. Not limited only to micro- 

slide drawers, but to many exclusive features and accessories 

such as: 

@ index separators for quick access to current slides. 

@ 1”, 2” and 4/2" flat trays and vertical drawers for filing trans- 
parencies, lantern slides and cards. 

@ Light housing to view flat-filed slides and transparencies without 
removing any of them. 

@ Paraffin block drawers for compact, orderly storage. 

@ Smooth-gliding unit-gauge interchange track system with a posi- 
tive Safety-Stop at the back of each drawer. Prevents slide 
breakage or accidental complete withdrawal. 

@ All sections may be stacked to take only 19” x 19” floor or desk 
space. 


Sars 4 A VALUE WORTH YOUR INQUIRY 
Write for free 8 page brochure or 
telephone: FREmantle 5109, London. 
Literature will be forwarded 
immediately with no obligation 

to you. 





*Patented in UK, 


— ond other countries 


—— 
— 


TECHNICON INSTRUMENTS COMPANY LTD. 
26 Warwick Road, London, SW5 * FREmantle 5109 













Ss KrANTON’s 
NEW 1959 CATALOGUE 
is your complete guide 
to precision balances 





New fealaéré — Set of weights included 
STANTON A49 


Already one of the most 
popular balances in our 
range. A set of five weights 
from 10-100 g. is now built 
into the case on a small 
turntable adjacent to the 
pan, for greater convenience 
and quicker weighing 
Capacity 200 g. Sensitivity 
0-1 mg 













New Features — 


Vernier Scale 
Partial Release 


STANTON 
ULTRAMATICS 


Four models now available, all 
incorporating facilities for tare 
weighing and partial release. New 
numbered Vernier Scales on 
Models U.M.3. and U.M.10, for 
greater convenience and quicker 
weighing. 

Capacity 200 g. Sensitivities 0-1 
mg.-I mg. 














HERE’S A SELECTION YOU 
GAN’T AFFORD TO MISS : New fealaire — Twin Bankweight Loading 






STANTON B20 


A worthy successor to 
Britain’s first full Weight- 
loading Balance, this model 
now incorporates a new 
graticule and twin bank 
weightloading, for greater 
convenience and quicker 
weighing. 

Capacity 200 g. Sensitivity 
0-1 mg. 











Our new catalogue is more informative 








than our press advertisement 
A DEMONSTRATION will be more 


convincing than either. 








A postcard will bring a technical representative 


to your laboratory. 


aN ante 
STANTON . PRECISION 


BALANCES 


And still the best value obtainable - 







STANTON €26 


A firm favourite in schools 
and University Laboratories 
where accuracy, dependabi- 
lity, and robustness are the 
key requirements. 

Capacity 200 g. Sensitivity 
0-1 mg. 












STANTON INSTRUMENTS LTD., 
119 Oxford Street, London, W.1. Tel.: GERrard 7533/4 






Chemicals for 
ANALYTICAL CHEMISTRY 
PHOTO-CHEMICALS 
Optical sensibilizers 
Sensibilizing dyestuffs and 
other photo-chemicals. 
PRAHA—CZECHOSLOVAKIA 
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Oscillographic recording 
and testing equipment 
from Siemens Ediswan 


If your work involves the study of fluctuating or intermittent phenomena, 
in industrial, physiological or physical research, you should know 

more about these instruments. The versatile High Speed Pen Recorder 
unit can be supplied singly or grouped in multiples of four up 

to a maximum of 16 channels and suitable amplifiers having a 

sensitivity of luV mm a.c. or 10 mV mm d.c. can also be supplied. 


LOW FREQUENCY OSCILLATOR TYPE R.2125 

The Low Frequency Oscillator is a general purpose R.C. 
instrument designed for testing, calibrating and setting up 
amplifiers, recorders, and low frequency wave analysers. 





Frequency Range lestol32Kes 

Frequency Accuracy a 

Output Balanced push pull, 50 volts p.p 
maximum On open circuit. 

Attenuator 5 x 20 dB steps plus O—20 dB 
continuously variable. 

Output Impedance 600Q—0—600Q 


PORTABLE RECORDER TYPE EPR 


The Siemens Edison Swan pen oscillograph 
is a portable 1 to 4 channel, high speed, 
direct ink writing, recorder. 
The pen motor coil is 1450 ohms centre tapped, 
Frequency response within 10°, from 0-70 c.p.s. 
Pen motors can be supplied with coil resistances 
of 230 ohms for use with trans:stors. 
Maximum deflection of pen tip 4 cms peak to peak. 
An electrical time and event marker is 
provided, writing on the lower edge of the paper. 
The 4” wide paper is driven by a rubber 
covered capstan roller and speeds of 

! 0-75 cms /sec. to 12 cms/sec. can be obtained. 





8 CHANNEL PEN RECORDER UNIT = 


Pen motors are identical to those in the 4 channel pen oscillograph. 
Unit includes 8 pen motors fitted into a magnet block, two time 
markers, ink system and paper drive. Speeds, 1-5, 3 and 6 cms ‘sec. 
Unit as shown is for incorporation into users own equipment. 

16 channel version also available. 


We shall be pleased to send you particulars of these products. 
————~ SIEMENS EDISON SWAN LTD. | 
sitEMEN S An A.E.1. Company 
PD 17. 155 Charing Cross Road, London WC2 


f I ~ 
21 SWA Telephone : GERrard 8660 
Telegrams : Sieswan, Westcent, London 
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ISOMANTLES 


for glass flasks and columns 















Illustration features 
battery of Isomantles 
in action. 








ISOJACKET 

(opens axially) 

hay ry Isomantles are made for glass flasks of all sizes including 200L. 
—s With Isojackets for the column and manual cr automatic 
—{ control, you can rely on trouble-free heating of your glass 

plant to any required temperature. 

* Flameproof range now covers 1L to 200L. 

Send for Catalogue LM describing Isomantles for glass plant, 

and 44-page Catalogue dealing with Industrial Electric Surface 

Heaters. 





TOP MANTLE 











ISOMANTLE * creases, 




















Laboratory Pilot Plant Pipe Lines 
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When purity 
is essential... 


B.D.H., as one of the world's 
largest manufacturers of 
chemicals for research and 
analysis, have exceptional 
facilities for producing 
industrial quantities of 
pure chemicals for radio 
and radar, optics, 

atomic energy, metallurgy 
and many other activities. 
Where advanced 

technical processes demand 
chemicals of the highest 
standard and impurities are 
measured in millionths 

the first choice is B.D.H. 





B.D.H. FINE CHEMICALS FOR INDUSTRY 


— 


(BDH THE BRITISH DRUG HOUSES LTD. B.D.H. LABORATORY CHEMICALS DIVISION POOLE, DORSET 
eal 


COLORIMETER 


Comprehensive 8-page brochure 
post free on request 


JAMES SWIFT & SON LTD. 
113-115A Camberwell Rd., London, S.E.5 
RODney 5441 
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ACCURATE, QUICK-READING MICRO BALANCES i 





Made from transparent fused quartz, 
these Vitreosil Springs are perfectly cir- 
cular and the fibre is of even diameter 
throughout. They do not suffer from 
corrosion, fatigue or permanent elonga- 
tion under excessive loading. They are 
truly elastic, returning to the same 
original state after release of the load. 
Vitreosil springs are admirable for use 
as micro balances for weighing small 
amounts of precipitates and other 
materials. In addition, they are very 
useful for weighing fine fibres, for con- 
ducting absorption experiments and for 
other work where a closed system is 
necessary. Fused quartz springs may be 
used in vacuum, gases, and liquids. 
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A leaflet is available giving full information. 


A BRITISH PRODUCT 


We also manufacture an extensive 


range of Vitreosil Industrial Ware 





THE THERMAL SYNDICATE LTD. 


P.O, Box No. 6 WALLSEND . NORTHUMBERLAND. Telephone: Wallsend 63242/3. 
LONDON: 9, BERKELEY STREET, W.1. Telephone: Hyde Park 1711/2, 
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——- GS 5) 1 D eveRYTHING FOR MILK TESTING 





SOME Astell SPECIALITIES: 

to be seen on Stand No 185 at the Dairy Show 1959 
Roll Tube Apparatus 

Bacteriological Test Tube Seal 

Low Temperature Inoubators 
Mechanised Hortvet Apparatus 
Lactometers, and Hydrometers 

A. & M. Phosphatase test 

Automatic Acidimeter 

Unbreakable Floating Thermometers 








, Media Filler 
Part of the Dairy Laboratory at the Birmingham Co-operative Society, Gerber Centrifuges and Accessories 
ES ERE eEUeES ty See Phage-free Cheese Starter Equipment 


Astell taporatory service co., LTD. 


172 BROWNHILL RD., CATFORD, LONDON, S.E.6. Hi Ther Green 4814-5 




















OFF THE SHELF SERVICE... 


FOR GRADED LABORATORY CHEMICALS and ACIDS 


BY :—BRITISH DRUG HOUSES LTD.: HOPKIN & WILLIAMS LTD.: 
MAY & BAKER LTD.: L. LIGHT & CO. LTD.: G. T. GURR LTD.: 
JAS. WILKINSON & SON LTD.: RIDSDALE & CO. LTD. 


Write for details and samples of the ‘Beecroft’ range of PVC Bungs 


BEECROFT & PARTNERS 


Telephone: SHEFFIELD 21582 
& 29916 









BEECROFT & PARTNERS (METALLURGISTS) LTD. RETORT WORKS, SCOTLAND STREET, SHEFFIELD 3. 
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THE 
LABORATORY 
GLASSWARE 

FOR 


THERMAL & 


MECHANICAL 
CHEMICAL 


STRENGTH 


Prove it by testing it 


Deliveries are prompt—prices 
very competitive—Save time 
and money— 


BUY MONAX NOW! 














JOHN MONCRIEFF LTD., PERTH, SCOTLAND 
London Office: 30 CURZON STREET, W.1 
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There's nothing like the Watson “Service” 





The most widely used laboratory microscope — if 
The instrument which grows to meet the demands 
made upon it. 


For the student it is a microscope of admirable 
simplicity and highest quality. As work becomes 
more complex the addition of accessories fits 
the Service for the most specialised tasks. 


Robust, built for a lifetime of service, this 
microscope has all the optical and mechanical 
refinements which have made WATSON ! 
STANDARD the highest praise. | 





W. WATSON & SONS LTD. . BARNET. HERTS. 





Our comprehensive standard 
range of Platinum Laboratory 
Apparatus, manufactured by skill- 
ed craftsmen from materials of 
the highest purity, has been com- 
piled to assist users in selecting 
what is most suited to their needs. 
In cases where a catalogued speci- 
fication fails to meet requirements, 
we will gladly manufacture in ac- 
cordance with customers’ own 
designs. 

Users are invited to avail them- 
selves of our REPAIR AND EX- 
CHANGE SERVICE. 








Literature forwarded on applica- 
tion. Technical representatives are 
always available for consultation 
and advice. 








(ENGELHARD INDUSTRIES Z72.) 52 WiGH HOLBORN : LONDON: W.C.1 
BAKER PLATINUM DIVISION Telephone: CHAncery 8711 
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the most sensitive 
and accurate 


PEN 
Pr RECORDER 


now available 











[\ ff /\ 





The clear definition of this square-wave trace 


shows the remarkably accurate results which 





can be obtained with the Savage and Parsons 





six or eight channel pen recorder. Designed for 
use with suitable electro-mechanical pick-ups, 
this instrument will record strains, pressures, 
flow velocities and temperatures. Six or eight 
variables with a frequency of 0-100 c.p.s. may be 


recorded continuously on 8 in. paper. 


Control of paper speed in the S.P. pen recorder is 
accurate within 1°, and there is little or n errun of 
the pen. A multi-way gauge selector can be incorporated 
which permits twenty-four signal points to be connected, 
any six of which may be recorded simul- 






taneously. Amplifiers and other ancil 






units are also supplied for use with the 






recorders 





Please write for publication 3/3 





SAVAGE AND PARSONS 


SAVAGE AND PARSONS LIMITED 
WATFORD - HERTFORDSHIRE - ENGLAND - TEL: WATFORD26071 





STATIC & DYNAMIC STRAIN RECORDERS 
6 CHANNEL RECORDING CAMERAS - RESISTANCE THERMOMETERS 
STATIC LOAD PLOTTERS ° REMOTE HANDLING EQUIPMENT 
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Permutit new lines 


SOFTENED WATER new designs 
FOR LABORATORIES : 


Soft water makes glassware clean and spark- 











ling, and saves soap and washing powder. 4 % 
Soft water also brings many other savings and FAM i C = 
benefits which are worth your investigation. 4 
‘ 98 : ” 
For technical details of Permutit Ion Treamic is a process perfected by F3 
a Nps ; us Over a period of seventeen years 2 
Exchange Water Softeners, please write now whereby colour fillings in the etched A 
. = Sic 
to the address below. graduations of laboratory glassware “4 
are made permanently legible under a 
normal conditions of use. Labor- Ba 
atory tests show that glassware — 


will withstand immersion for long 
periods in a range of liquids from 
boiling water to concentrated sul- 
phuric acid with absolutely no 
damage to the etched graduations. 
*Treamic’ treated glassware can be 

cleaned and sterilized in even the 9 
most intensive acids with no fear of 
the graduations becoming discol- 
oured or illegible. 

*Treamic’ is now available without 
extra cost on pipettes in the E-MIL 
Gold Line range of laboratory 
glassware. 


treated with the ‘Treamic’ process if 


t++t+++4444 
eesseeseses: 











oo 

















The new E-MIL catalogue supple- 
ment No.2 contains full information | 
on NEW LINES and NEW)/ 
DESIGNS in E-MIL GOLD LINE ” 
LABORATORY GLASSWARE, \ 


$+4o4efe rere AT = 








and a full laboratory report on 
*‘TREAMIC’. 


HAVE YOU RECEIVED YOUR COPY ? 





If not write today to : 


H. J. ELLIOTT LTD. 





THE PERMUTIT COMPANY LIMITED 


Dept. C.D. 333, Permutit House, Gunnersbury Avenue, E-MIL WORKS : TREFOREST INDUSTRIAL ESTATE 
oO le me: C 8 a 3431 
London, W.4 Telephone: CHIswick 6431 PONTYPRIDD GLAMORGAN . GREAT BRITAIN 
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Electrothermal ° ELECTRIC 


MELTING POINT 


APPARATUS A 


% Unequalled heating and cooling cycles 
heating to 200 C. in 3 minutes 
300 .C. in 6 minutes 


% Cooling (unassisted) from 300 C.to 
200 C.in 3 minutes 200 C.to 
100 C. in 4.5 minutes 

* Double draught protection 


* Simultaneous viewing of 
three capillaries 


*% Excellent optics 
% Comfortable working height 


% Convenient and clean 
(no liquids) 


* Simple to use 
*% Special thermometer 
¥%& No zero shift 
%& No correction factor 


Gas heated apparatus also available 
PLEASE REQUEST LEAFLET NO. 322 


Available from all Laboratory 


Supply Houses 


FOR THE RAPID 


DETERMINATION 
OF 
MELTING POINT | 


ELECTROTHERMAL ENGINEERING LTD 


eS =~ 
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The other man’s job— 













It's almost money for jam— 

half an hour of the symphony gone 
and he hasn't played a note. 

But, when the right moment comes 
he will make his 

contribution with precision. 


Just as we do. 





GRIFFIN & GEORGE 


The Laboratory Furnishers 


GRIFFIN & GEORGE (SALES) LIMITED, EALING ROAD, ALPERTON, WEMBLEY, MIDDLESEX. (PER 3344) 
A member of the Griffin and George group of companies 


LONDON - BIRMINGHAM - SHEFFIELD - MANCHESTER - NEWCASTLE-UPON-TYNE - GLASGOW - EDINBURGH 
P3 
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TEACHING 


No. 10 


EDITORIAL 


N our last issue we suggested 

that, in view of the disquieting 
increase in crime and particularly 
in juvenile delinquency, more use might be made 
of the family doctor for sociological purposes. We 
stressed the fact that the deterioration in morals had to 
be set against a marked rise in the standard of living 
for all except possibly the professional class. During the 
last seven years the national income has increased by 
about 60 per cent. Of those aspects which might be ex- 
pected to affect the behaviour of people mention may 
be made of 100 per cent increased expenditure on 
education, nearly 60 per cent on health, about 100 per 
cent on pensions and family allowances, and about 
40 per cent on public assistance and housing. It appears 
unlikely that drink is accountable for a worsening of 
morals, because, with an increased expenditure of only 
14 per cent, relatively less is now spent on drink than 
on other luxuries. The increase in expenditure on tele- 
vision sets is about 750 per cent, and that on cars about 
90 per cent. Our expenditure on food has increased by 
nearly 60 per cent. Bread and circuses may not only 
lead to full stomachs; they may also lead to empty 
minds. 

It may not be accepted by all that the function of 
the doctor extends to the mind as well as to the body. 
Neverthe’ess the statistics suggest that about half our 
illnesses are mental or psychological in origin. We 
spend vast sums on space travel, the motives being 
national prestige and military necessity. To read some 
papers today gives the impression that to send a man 
to the moon represents the highest point in human 
achievement. Technically such projects must receive the 
highest praise, but we suggest that one-tenth of such 
expenditure devoted to social and psychological 
medicine would ultimately be far more to the benefit 
of the human race. To those who really study the prob- 
lems of mankind ,the glib talk of inter-planetary travel 
must appear as a grim joke. We may boast of higher 
intellectual achievement and increased higher education, 
but achievement must surely be considered in relation 
to its effect on the human race. The futilities of man 
are not only expensive; they are quite unnecessary. 
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Family Doctor—Il 








It is generally considered that the standard of our 
academic qualifications has been steadily raised during 
the last 15 years. Graduates of the last generation, in 
science as well as in medicine, can not only not answer 
present-day examination papers, they can often not 
even understand the questions, so rapid has been the 
advance in knowledge. Against this rise in the standard 
of degrees, we have to put the opinion of some eminent 
teachers that we have well-nigh exhausted the potential 
graduate material. If we are to have more scientists and 
technologists (and the medical practitioner is a tech- 
nologist) then it is evident that the fuliest use must be 
made of the existing material, i.e. those capable of 
taking a university degree. This is a problem for the 
teachers. 

University students can be placed in four categories. 
In the first come those of outstanding ability who will 
get a good degree in spite of the most inferior teaching. 
In the second come those (the majority) who will get a 
reasonable degree if they study diligently. In the third 
we can put those who are definitely weak in one or two 
subjects, but who will sail through their other subjects 
easily enough. It is with this group that the most 
important wastage occurs, and it is this group which 
presents the greatest problem to the teacher. There have 
been many very competent students who would have 


made successful medical practitioners and scientists if 


only they had not been weak in mathematics, physics or 
chemistry (and for some universities in Latin). Special 
teaching, a sympathetic handling by a gifted teacher or 
a more enlightened syllabus might have saved most of 
these unhappy failures—unhappy because a feeling of 
competence in all other subjects leaves such an individual 
peculiarly disgruntled. It is natural that promotion in the 
academic world should be overwhelmingly controlled 
by research ability, but it is a serious gap in our 
university system that the gifted teacher, whose 
enthusiasm for teaching naturally reduces his research 


achievements, may not receive recognition for his 
purely teaching ability, and so inevitably becomes 
frustrated. 


The fourth group consists of those not really up to 
university degree standard. Such persons are often 
extremely able in non-academic matters, and it is in 
the national interest that they should be guided into 
their best vocation at as early a stage as possible. The 
increasing importance of ability and the decreasing 
importance of social status and parental income are 
steadily reducing the number of students in this group. 
Today some 75 per cent of students receive grants. All 
of these are men and women of ability, and previously 
most would not have received a university education. 

Is our present medical education too long and too 
academic? Is it too rigid, and could more flexibility be 
introduced with advantage? At present at least five 
and a half years are required; for those starting at 
Oxford or Cambridge, and for those taking a science 
degree en route at least seven years are necessary. 
After qualification one year as a house-man is obligatory 
before the medical graduate is allowed to practise. 
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Such a scheme may be suitable for those intending to 
devote themselves to the scientific side of medicine, but 
is it the most suitable for those intending to go into 
general practice? Might not a year less on the academic 
aspects and a year more on hospital staffs be better? 
This would mean that the medical student would be 
dependent on the State or on his parents for one year 
less, and obtain one year’s more high level clinical 
experience, during which time he could be attending 
an advanced course in the subject of his choice, e.g. 
clinical biochemistry, pathology, etc. Such a scheme 
might also result in patients receiving better attention 
in hospitals and wasting far less time in waiting about 
for their doctor. 

We must never forget that medicine is an art as well 
as a science, and that the successful clinician is born and 
not made, even in a medical school. 

Finally, in medicine more than in any other profession, 
it is important that the practitioner be kept up-to-date. 
This can only be done by a properly designed course 
which all practitioners, as distinct from medical gradu- 
ates in other jobs, should be compelled to attend at 
regular intervals at the expense of the State. Such 
courses would not only stimulate and satisfy the 
practitioners, but would increase the efficiency of 
general practice and benefit the nation as a whole. 


Dr. D. A. Sutton 


The Council of The British Gelatine and Glue Research 
Association announce the appointment of Dr. D. A. Sutton, 
Ph.D.(LOND.), B.Sc., A.R.C.S., aS Director of Research. Dr. 
Sutton is expected to take up this appointment towards the 
end of October. He will succeed Mr. A. G. Ward, 0.B.£., 
M.A., F.Inst.P., the Director of Research since the formation 
of the Association in 1948, who left at the end of August 
in order to take the Chair of Leather Industries at Leeds 
University. 

Dr. Sutton is aged 41 and is at present Chief Biochemist 
of the South African Council for Scientific and Industrial 
Research Pneumoconiosis Unit at the South African Insti- 
tute of Medical Research, Johannesburg, where he is in 
charge of investigation into the collagen in various lung 
constituents, the chemotherapy of silicosis and carcinogen 
liver protein bonding. He graduated with First Class Honours 
in chemistry at the Imperial College, London, and after 
holding posts with the British Rubber Producers’ Research 
Association and the Paint Research Station, went to Pretoria 
in 1949 where, until 1956, he was head of the Division of 
Organic Chemistry of the C.S.1.R. in charge of groups work- 
ing on various aspects of industrial organic chemistry. 

The British Gelatine and Glue Research Association is the 
co-operative research organization for the gelatine and glue 
manufacturing industry. The main emphasis of its work at 
its laboratories in North London is on fundamental research 
into the properties and behaviour of gelatine and glue 
derived from animal products. Through its work in this 
field and the international conference on ‘Recent Advances 
in Gelatin and Glue Research’ which it held at Cambridge 
in 1957, the Association has already established a world- 
wide reputation. Research is also being extended into the 
problems concerned with the application of the industry's 
products and the discovery of new uses. The mage | is 
financed by voluntary contributions from gelatine and glue 
manufacturers and associate members and by a grant from 
the Department of Scientific and Industrial Research. 
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LABORATORY EQUIPMENT TEST REPORT—No. 39 
THE TECHNE TEMPUNIT 


Manufacturers: Techne Ltd., Duxford, Cambridge 


Price: £22 10s. Od. 


HE Techne Tempunit is a self-contained unit for 

controlling the temperature of laboratory water 
baths. It can be attached to any vessel by its own 
clamp, the size of the water bath is therefore only 
governed to the requirements of the apparatus to be 
thermostatted. A general view of the unit is shown in 
the photograph. 

Temperature control is by a metallic helix, and 
pneumatic amplification is used to give a control to 
better than 0-05" C. over the whole working range 
which is from room temperature to about 90° C. The 
lower temperature can be obtained if cooling coils are 
installed in the tank and a source of very cold water is 
available. The method of control chosen obviates the use 
of fragile glass parts such as contact thermometers and 
toluene regulatcrs, and also of electronic relays whose 
valves may have a comparatively short working life. 

When placed in the water bath and switched on the 
propeller stirrer starts to rotate in the bottom of a 
suction tube. This draws water from the bath through 
the suction tube and creates a partial vacuum in its 
upper part. This vacuum is transferred to a diaphragm 
which is used to operate a micro-switch. When the 
vacuum is applied the micro-switch is in the ‘on’ 
position and the heater operates. 

The bimetallic spiral unwinds as the temperature 
rises and this moves the temperature indicating pointer 
to show the actual bath temperature on the instrument 
scale. When the bath temperature reaches the preset 
value on the scale a flapper valve is opened by the 
indicator pointer which releases the vacuum on the 
diaphragm and opens the micro-switch, switching off 
the heater. 

As the bath cools, the flapper valve is again closed 
by the bimetallic spiral when the temperature falls 
below the preset value and the heater is switched on. 
In this way the bath temperature can be maintained 
to within + 0-05° C. 

The air control is inherently safe, in that fracture of 
a pipe or similar failure releases the vacuum and 
therefore switches off the heaters. When the level of 
water in the bath falls below a side tube fitted to the 
suction tube the vacuum is released and the heater is 
switched off. This side tube may also be used to circu- 
late water through external apparatus such as refracto- 
meters and viscometers. 

One of these instruments has been in continuous use 
in our laboratories for nine months and the only signs 
of corrosion evident after this period were on the small 
screws which attach the body of the instrument to its 
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base. These could with advantage be more heavily 
protected. The glass covering the temperature indicating 
scale is counter-sunk and was found to be easily 
displaced while cleaning. A flush fitting cover glass 
cemented into the case would be much more con- 
venient. A larger control knob would make the instru- 
ment easier to set. These are, however, only minor 
criticisms of an instrument that has been well designed 
and finished to a high standard. 

The cover is easily removed by taking off the control 
knob and unscrewing the set screws at the base when 
all the working parts become readily accessible for any 
maintenance required. The stirrer which is driven by a 
shaded pole induction motor was found quite adequate 
in a four gallon tank and has required no attention up 
to the present time. 





The Techne Tempunit. 


i) 
Nm 
_ 





A four gallon unlagged rectangular tank was used in 
the tests described below. The Tempunit was fitted at 
one end of the tank. In the test at 85° C. a one-gallon 
rectangular tank was used and the water was covered 
with a thin layer of oil to reduce evaporation. This 
Tempunit was fitted with a 500 w. heater, although 
models fitted with 1,000 w. heaters are available. 


Volume of water in the 


tank (in gall.) 4 4 4 l 
Indicated temperature 
on Instrument 20 30 40 85 


Actual mean tempera- 


ture of bath C. 20-86 31-12 41°54 86-84 
Variation C. 0-03 0-02 0-02 0-04 
Difference in temp. at 

different positions in 

the bath 0-02 0-02 0-02 0-02 
Time required for bath 

to heat up (min.) 20 50 90 95 


The temperature control lies well within the limit of 
0-05° C. claimed by the manufacturers. 


° 

Hydraulics Research 
Among the novel applied research studies carried out by the 
Hydraulics Research Station, D.S.I.R. during 1958 and 
described in the Annual Report (price 5s. 6d.) were two 
special investigations for the London County Council to 
forecast the probable frequencies of floods and maximum 
flood levels if proposed channel improvement schemes for 
the Rivers Wandle and Ravensbourne were carried out. 
Calculations for the investigations were made on a high 
speed digital computer at the National Physical Laboratory. 
The results should assist the L.C.C. in assessing the effective- 
ness of the proposed works. 

In addition to the nuclear power station being built on 
the Severn Estuary at Berkeley, another is projected at 
Oldbury and, as the Central Electricity Generating Board 
announced recently, consideration is being given to the 
possibilities of building further stations on the estuary. To 
help with the siting and planning of such stations, the 
Hydraulics Research Station is building a large scale model 
of the estuary to study the problems of abstraction and 
return of cooling water. 

The Hydraulics Research Station has made arrangements 
under which it will co-operate with the appropriate Govern- 
ment Departments, local authorities and consulting engineers 
in studies of the performance of selected coast protection 
schemes. The Station’s part will include preliminary site 
studies and the measurement and evaluation of the effects of 
the works over a period of years. 

Two possible solutions have been suggested by the 
Station to the Eyemouth Harbour Board for the problem 
of the sandbar at the entrance to Eyemouth Harbour in 
Scotland. 

The Station is also engaged on model studies of two 
overseas harbours; the possible effects of land reclamation 
on tidal currents in Hong Kong harbour are being investigated 
as are the effects of proposed extensions to the Port of 
Burnie in Tasmania. 

Scale model studies in connection with four hydro- 
electric schemes are described. Of these, three were at the 
request of British consultants responsible for projects in 
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The time required to heat the bath is rather long; 
however, a hand operated booster heater could easily 
be fitted when frequent changes in the bath temperature 
are required. 

The heat capacities of the heater and temperature 
sensing element are very low so that there is no detect- 
able over-run when the preset temperature is first 


reached. Because of the method of control used the 
Tempunit ejects a continuous stream of fine air bubbles 
into the water bath. When running at lower tempera- 
tures this causes a rapid growth of green algae in the 
tank. At 25° C. the water had become cloudy after 
24 hours. Addition of a few parts per million of pheny! 
mercuric nitrate was found to control this growth very 
effectively for over a month. y ; 

The Tempunit can be used to circulate water from 
the water bath through external apparatus and has been 
tested in conjunction with a refractometer. The variation 
between the temperature in the refractometer jacket 
and that in the water bath could be detected. 

The Tempunit is well designed and constructed and 
can be confidently recommended for all those applica- 
tions where temperature control to 0-05° C. within 
the range 20—90° C. is required. 


Greece, Malaya and Venezuela. The fourth was a model 
investigation in connection with the proposed pumped- 
storage scheme at Blaenau Ffestiniog in North Wales.This 
scheme is associated with the nuclear power station at 
Trawsfynydd. 

The energy which is supplied by the generating station 
during periods of low demand will be used to pump water 
from a lower to a higher reservoir. At peak periods the head 
of water created will be used to generate additional elec- 
tricity. 

The Hydraulics Research Station was asked to investigate 
the possible effects on the lower reservoir of normal and 
emergency operations of pumps and control valves. The 
tests showed that no troublesome surges should occur but 
they indicated that modifications to the intakes were desirable 
to prevent air being entrained in the pumps. 


° 
Radiation Service 

Organized by Ekco Electronics Ltd., the first commercial 

radiation monitoring and tracer service is being launched 

to cater for the use of isotopes in all branches of industry, 

medicine and scientific research and falls into three main 

groups. 

The first is aimed at helping industry to achieve the 
requirements of the impending Factories (lonizing Radia- 
tions) Special Regulations. It includes carrying out site 
surveys and testing sources of radiation on the premises of 
users of industrial nucleonic equipment. 

The second is a specialized service offered to Public Health 
Authorities and includes the measurement of radioactivity 
in air, water, sewage, etc. 

The third group is a service for the benefit of industrial 
and scientific research and allows for the carrying out of 
tracer experiments by skilled personnel without the need 
for purchasing the complex equipment involved. It will 
enable many kinds of research to be speeded up where, 
previously, the advantages of radioactive tracer technique 
have been barred by the high cost of equipment and training 
in relation to a single experiment. 
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AN AUTOMATIC TITRATION UNIT FOR CHLORIDES IN 
BIOLOGICAL FLUIDS 
by Kenneth G. Gadd 


Public Health Laboratory, 


HE obvious value of the potentiometric!.’*. and 
J Bench cto end-points in titrations of chloride 
in biological fluids with silver nitrate (or electrolytically 
generated silver) led to consideration of the possibility 
of designing an instrument which could be used by 
semi-skilled staff to carry out large numbers of estima- 
tions with a high degree of speed and accuracy. For 
reasons of economy it was decided to use a standard 
silver nitrate solution and burette system rather than a 
coulometric method. 
The instrument ( Figs. |, 2 and 3) is based upon a design 
by Malmstadt3,4 in which the negative-going voltage 


appearing between immersed electrodes in the region of 


the end-point is applied to an R.C. coupled amplifier 
having large values of time constants and a low-pass 
characteristic. Two differentiating networks in the 
amplifier result in the appearance of an output pulse 
the waveform of which approximates to the second 
derivative of the electrode voltage with respect to time, 
provided that titrant is permitted to flow at constant 
rate. 

The first, negative-going swing of this output pulse is 
used to cut off a normally conducting thyratron the 
anode load of which is a relay bearing single pole 
change-over contacts. Since the thyratron re-conducts 
as the voltage on its grid returns towards zero, this 
relay is in its ‘off * condition for a short time only and 
is in fact back in its *held-on’ state by the time the 
signal (electrode) voltage has fallen to its half-value. 

This transient operation of the anode relay change- 
over contacts is utilized to charge a high value capaci- 
tance to a value sufficient to operate a sequential relay 
system which shuts off a burette valve and stops the 
flow of titrant (Fig. 2). This latter voltage is so adjusted 
(by means of a variable time constant in the ‘charge’ 
position of the first relay) that very short operational 
pulses in the first relay, such as may be caused by 
noise voltage in the electrode system, are not able to 
operate the second and subsequent relays. 

The original circuit of Malmstadt was in many ways 
unsuitable for this application: the higher line voltage 
in this laboratory (230 v. A.C.) precludes the operation 
of burette valves and associated relays directly from 
mains voltage. The use of bias cells as in the original 
circuit was not considered advisable under sub- 
tropical climatic conditions, and the advised use of a 
stabilized power supply would have increased con- 
siderably the cost of the apparatus. Lastly, as the volume 
of titrant to be used was only 20 per cent of that used 
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in the original paper, the necessity arose of obtaining a 
burette valve which was completely free from the error 
of an added volume of titrant forced through the valve 
during its closing operation, (the volume added after 
the valve has received its ‘stop’ signal). A recent 
survey> of burette vaives showed that all available 
types were either D.C. operated or A.C. solenoid opera- 
ted, that is, were closed or opened by a positive action. 

To these objections may be added the particular 
difficulties of precipitation titrations whereby (a) low 
voltage changes and (4) high noise voltages, particularly 
near the end-point, tend to give spurious end-point 
values. 

The means taken to overcome these objections 
included the use of 6 volt relays for operation of the 
burette valve, redesign of the amplifier to eliminate bias 
cells, the design of a simple voltage stabilizer to suit the 
specific conditions of the amplifier, and the design of a 
new burette valve operated by 6 volts A.C. and based 
on a vibration principle. 
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The electrode assembly was designed to give the 
largest possible voltage change by means of the ‘en- 
closed’ platinum electrode!: whilst measures taken to 
improve signal-to-noise ratio included the elimination 
of large-particle silver chloride aggregates and an 
‘artificial’ lowering of the internal resistance of the 
silver chloride half-cell by means of acetic acid. 

The final apparatus is described below in sequence 
from the solution electrodes towards the burette valve. 

In operation the instrument is extremely simple. The 
burette is mounted on a sliding sleeve which carries tne 
valve mechanism, two press buttons and the electrode 
assembly. This mechanism and associated switches are 
enclosed in a mild steel casing which carries also a 
signal lamp, octal socket and two Clix sockets designed 
to take the electrodes which are mounted directly into 
Clix banana plugs for easy replacement. 

Titrant is carried through the burette valve by a 
short length of soft rubber tubing (3 mm. O.D.) which 
is inserted through the casing by means of two apertures 
protected by rubber grommets (Fig. 2). Titrant flow 
rate is adjusted by a knurled screw at the side of the 
casing marked ‘speed’; this control is fully unscrewed 
for insertion cf fresh rubber tubing which can be ‘fed’ 
through the apertures without recourse to dissembling 
the unit. 

The running sleeve carrying the burette and valve is 
limited at the lower end of its travel in such a way that 
the electredes stop some 2-3 mm. above the base of a 
10 ml. beaker when the system is lowered for operation. 
A large clamping screw is available at the back of the 
valve unit casing in order that the assembly may be 
raised and clamped in a single rapid movement. The 
burette is fed with silver nitrate solution from a poly- 
thene squeeze bottle coupled by soft plastic tubing to an 
adjustable jet giving an automatic zero. 
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Fig. 2 (/eft). Burette valve assembly 
detail. 


Fig. 3 (right). Control panel detail. 
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The amplifier, gas triode, relays and power supplies 
are mounted in a second mild steel case bearing three 
signal lamps (miniature, cast in coloured Marco Resin), 
marked ‘A.C. ON’, ‘pulse relay’ and ‘operating’. This 
latter lamp is operative only whilst titrant is flowing, 
as is the lamp inside the burette valve unit. The amplifier 
case also bears a control altering the time constant of 
the charging network in the first relay circuit. This 
control is marked ‘discriminator threshold’. A second 
control is a rotary on-off switch interrupting the supply 
voltage (Fig. 3). 

As shown in the photograph, the burette stand used 
is a standard B.T.L. magnetic stirrer. Some difficulty 
has been found due to vortex formation at high speeds 
and ‘streaming’ at low speeds with magnetic stirrers, 
and preliminary trials with an ‘off-centre’ motor 
stirrer and paddle suggested that a small 6 volt motor 
mounted in the burette valve casing might reduce noise 
voltages still further. However, using 7 mm. x | mm. 
soft iron rod encased in polythene the results with the 
magnetic stirrer are sufficiently trouble-free to make the 
modification superfluous. ; 

In operation the unit is switched on and allowed to 
stabilize for 10 minutes before use. 

Standard chloride solution 5 ml. or diluent 5 ml. 
serum 0-2 ml. is placed in the beaker and the stirring 
bar revolved at moderate speed. The burette assembly 
is lowered so that the electrodes are immersed in the 
solution. The burette is zeroed by pressing and releasing 
the polythene bottle and the ‘press to start’ button is 
operated. This causes the two ‘operating’ lamps to light 
and the titrant flow to begin. At the end-point the ‘pulse 
relay’ light extinguishes momentarily, the burette valve 
ceases to be energized, ‘operating’ lamps are ex- 
tinguished and titrant stops. It only remains to read 
the volume of titrant used. 
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Fig. 4. A-silver. B-platinum. C-calomel. 


Preliminary setting-up procedure is described after 
the technical description. 


Technical 


1. Electrodes—The P.D. available across two silver 
chloride electrodes is described by Samson;® elsewhere 











it has been shown that a single silver chloride electrode 
and a platinum (isolated) electrode produce equally 
good results! and stability can be improved by the use of 
a very fine gauge of silver wire. Numerous references to 
drift in such a system can be found, but as the amplifier 
is sensitive only to a change in voltage, the ‘D.C. level’ 
of the electrode system at any one time is of no im- 
portance. 

The isolated electrode consists of a 3 in. length of 
glass tubing of 4 mm. O.D. drawn to a jet at one end 
and having a | in. length of platinum wire (22 S.W.G.) 
sealed into the other end. This (upper) end is sealed 
into the sleeve of a standard Clix plug which inserts into 
a corresponding socket in the burette valve casing. 
Immediately below the sleeve of the plug a side-arm Is 
sealed and fire-polished to take the rubber tubing from 
the burette valve. The silver chloride electrode consists 
of a 4 in. length of polythene rod sealed likewise into a 
Clix plug sleeve and bearing a length of pure silver wire 
(36 S.W.G.) wound spirally and terminating at the tip 
of the polythene rod. These electrodes are shown in 
Fig. 4 as also is an experimental calomel half-cell 
(used for titrations other than chloride). 

Avoidance of ‘captured’ particles of silver chloride 
by the electrodes and of mechanical vibration of the 
silver electrode wire is essential to reduce noise. The 
silver wire is therefore heat-sealed to the polythene rod 
at one point in such a way that when ‘wear’ of the 
silver occurs, further wire can be brought down from 
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the upper part of the rod and re-sealed. The particle 
size of the silver chloride is reduced by adding 0-03 per 
cent gelatine (see under ‘Solutions’). 

When not in use the electrode assembly should be 
lowered into a beaker of diluent. 

The full versatility of the electrode system has not 
been investigated at the time of writing, but when other 
types of titration are used the electrodes may be reversed 
in their sockets to ensure that the voltage change is 
always negative-going. 

2. Amplifier.—This is shown in Fig. 5. The input lead 
from the electrode sockets is shielded and earthed at 
the amplifier end on/y. The double triode is screened 
and a ‘bus-bar’ earthing system is used, the bus being 
connected to chassis at the input terminals only. These 
precautions, as well as reduction of grid-cathode loops 
in the input stage are essential, since the gain of the 
amplifier at mains frequencies is high. The design is 
basically very simple and should lend itself well to 
miniaturization. Bias is obtained by R3, Rs, R> and 
Rs. C2Rs and C4R;; give the required differentiation, 
while C,;R2 and C3Re6 give the required low-pass 
characteristic. 

3. Power Supply and Stabilizer (Fig. 5).—Early work 
with the amplifier showed that mains-borne pulses 
caused frequent false end-points. The performance was 
not affected however by long-period drifts and in effect 
a regulation having a period of one or two seconds has 
been found entirely adequate. By replacing the normal 
pentode control valve in a grid controlled series regula- 
tor with a long time constant capacitative circuit, the 
necessary regulation was achieved very economically. 

The relevant regulating circuit comprises Co, Ro, Rio 
and R;1; the tapping on Ro R : 9 determing the out- 
put voltage, which should be set at 240-250 volts. It 
should be noted that the heater voltage supply to V; 
should be at the cathode potential of that valve. 

4. Thyratron and Relay Unit.—The gas triode V4 is 
normally in a conducting state and the contacts S; of 
the relay RY; are in the *held-on’ position. On receipt 
of a negative pulse, conduction ceases during the time 
that V4 grid follows the negative portion of the pulse 
and recommences when the grid voltage reaches the 
critical voltage determined by the control ratio. During 
the cut-off period C ; 9 charges through R ; 4 by means of 
a voltage from T >> rectified by MR 2. Provided therefore 
that V4 has been in the non-conducting state for long 
enough to charge Cio to a value high enough to 
operate relay RY2, the contact S2» on RY»2 open 
momentarily and the series circuit S2, S; and RY; 
is broken. 

Initially titrant flow can only be started by closing 
Ss; this has the effect of completing the circuit S2, S; 
and RY 3. Then RY; holds S; in the ‘on’ position until 
the sequence resulting in S> opening causes RY ; to be 
de-energized and S; to open. Titrant flow then stops 
and remains so until Ss is again pressed. 

The charging of C;o therefore corresponds with the 
early part of the voltage change at the electrodes. The 
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discharge of Cio through RY» with consequent 
cessation of titrant flow therefore corresponds with that 
part of the derived electrode voltage which is swinging 
positive: that is with the part of the electrode voltage 
change normally accepted as indicating the equivalence 
point of the titration. The time elapsing between C ; o 
charging and discharging depends on the rate of change 
of voltage at the electrodes (d*y/dx2) and is largely 
dependent on the ‘speed’ control. The charge on C; 0 
in a given time depends on R;4 and therefore Rj 4 can 
be adjusted so that noise pulses (already to a large 
extent integrated by C;R> and C3Ro) are not able to 
open RY >. 

In practice the flow rate for the silver nitrate sodium 
chloride titration has to be fairly high (6-7 ml./minute) 
to give a good signal-to-noise ratio. This results in a 
constant added delay which appears to be a factor of the 
long time constants used. Such a delay might be reduced 
by the use of negative feedback but this would require 
an extra phase-changing stage. Fortunately this delay is 
related (as might be considered on theoretical grounds) 
to the derived voltage in a linear manner, so that for any 
given flow rate it constitutes the same added volume 
whatever the final volume of titrant may be. Thus in 
practice the ‘overshoot’ at 7 ml./minute is 0-2 ml. 
0-02 ml. on the prototype model for all values of end- 
point from 0-4 ml. to 4:2 ml. titrant, these being the 
limits of titrant volume for which this particular model 
was designed to operate. It can in fact be demonstrated 
in practice that with a ‘blank’ diluent solution only, the 
titration flow is stopped at the 0-2 ml. mark. The delay 
error is therefore removed by raising the burette zero 
by 0-2 ml. 

As the system is thus sensitive to changes in flow rate, 
the burette chosen should be as long as is feasible and 
should be chosen so that it is normally used only in the 
upper two-thirds of its bore. In practice a 5 ml. burette 
graduated in 0-02 ml. has been found excellent for 
biochemical work where most titration values lie 
between 1-5 and 3-0 ml. 

In the circuit shown, failure of components associated 
with supply to RY> is conveniently shown by the 
signal lamp L> which is extinguished during the ‘open’ 
period of S>. Lamps L; and L, are in parallel across 
the valve coil (Fig. 6) and are illuminated only while 
titrant is flowing. 

5. Burette Valve.—This was constructed from a 
dismantled 6 volt vibrator of the type used in car radio 
systems. The existing ccntacts were removed, one set 
of contacts being left as a ‘bias’ to compensate for 
pressure on the tubing (see Fig. 7). A standard screw 
clamp was modified by removal of the end plate and 
the brazing on of a blunt ‘knife-edge’ to the moving bar. 
After drilling a hole in the side of the vibrator frame 
the clamp was fixed to the frame in such a way that the 
knurled screw moved the knife-edge towards or away 
from the vibrating reed. Two locating rings were brazed 
on to the limbs of the clamp in such a position that the 
3 mm. O.D. rubber tubing passed easily through the 
vibrator and lay transversely across the reed and 
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“PRESS +) Ss 


TO START’ 





between it and the knife edge. The screw (‘speed’) 
adjustment was tightened until titrant flow just stopped 
and the ‘bias’ screw tightened until the reed was 
returned to the position indicated in Fig. 7. Application 
of an A.C. voltage to the vibrator now allows titrant to 
flow at a rate variable between zero and 10 ml./minute 
depending on the height of the burette above the valve. 
The tubing chosen was based on a flow rate of 7 ml. 
minute. 

The valve is mounted in a casing which takes the 
press-switches Ss and S» on a translucent plastic panel, 
as well as a plastic inset holding the electrode sockets 
and the connector PA (Fig. 2) 

Damage to burette and delivery electrode is minimized 
by including a rubber buffer on the lower sleeve stop of 
the burette valve unit. 

The press-switch S,_ (manual stop) is included as a 
means of cancelling a titration if for any reason this is 
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required. It takes the place of the burette stopcock 
which may then be omitted. 

6. Solutions. 

Standard Silver Nitrate (0-01N) 1°6989 g. AgNO; 
(A.R. grade): Dissolve in distilled water, add 12-5 ml. 
conc. nitric acid and make to | litre with distilled 
water. 

Diluent: To 500 mi. water in a litre flask add 12-5 ml. 
conc. nitric acid and 100 ml. glacial acetic acid. Dissolve 
about 300 mg. gelatin in a quantity of hot water and 
add to the flask. Make to volume with distilled water 
when cool. 

Standard Chloride Solution: Prepare diluent solution 
as above: add 4-0 ml. of 1-00 N hydrochloric acid 
solution before making to the mark with distilled 
water. 

7. Setting up Procedure.—During preliminary tests 
the behaviour of the apparatus is most conveniently 
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Fig. 7. Vibrator valve. 
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observed by means of a potentiometer tapping off a 
voltage from a dry cell in such a way that a voltage 
variable between 0 and 0:5 can be applied to V, grid. 
Oscilloscope display of the output waveform is best 
observed in terms of current in the earthy end of R13 
as otherwise the pattern is dominated by the ionization 
pulse at the grid of V4. The apparatus requires a 
warming-up period of 10 minutes. 

When ready for use, preliminary filling of the 
delivery electrode is effected by drawing up silver nitrate 
solution from a beaker; thereafter the burette is refilled 
after each titration by pressure on the polythene 
bottle. 

The speed control is next set as follows: 

Fill the burette to zero. Using a stopwatch, press the 
‘Start’ switch, having first ascertained that the *Dis- 
criminator threshold’ control (Ri4) is turned fully 
anticlockwise. At exactly 10 seconds press the ‘manual 
stop’ switch and read the burette. The “Speed” screw 
should be adjusted so that the volume passed in 10 
seconds lies between 1-1 and 1-3 ml. When so adjusted 
there should be no titrant leak when the apparatus is 
switched off—this can best be observed overnight. 
‘Critical’ setting of the speed screw indicates that the 
bias screw is wrongly set. When properly — 
there should be a full half-turn of the speed screw 
between the 7 ml./minute position and the ‘leaking’ 
position. 

The beaker is now replaced with one bearing 5-0 ml. 
of standard chloride solution, the assembly lowered to 
the working position and the burette filled by pressure 
on the polythene bottle. 

The ‘Discriminator threshold’ control R;4 is turned 
approximately half way up and with moderately fast 
stirring the ‘Start’ switch is pressed. Titrant will flow 
and then stop in the region of the 2 ml. mark. 

This procedure is repeated a number of times and 
the readings noted. The automatic zero needle is then 
raised to a point where on subsequent titrations the 
burette reading is 2-0 ml. of 0-01N AgNO; against 5 ml. 
of 0-004N chloride. 

The exact setting of Ri is found by trial and error. 
There is increased electrode noise immediately prior to 
the end-point and too high a setting of R; 4 will result 
in the relay RY 2 opening on noise pulses. Conversely 
too low a setting will result in ‘missed’ end-points. A 
setting such that a negative pulse of 0-5 sec. or less will 
not open RY > is satisfactory, the waveform associated 
with the end-point at 7 ml./minute is generally in the 
order of one second. This allows a latitude of about 30 
of arc in the middle of the range of R ; , if this is a linear 
control. 

Should the silver electrode become coated with 
protein or with too thick a coating of silver chloride 
the response becomes sluggish or of low amplitude. In 
practice this is generally avoided by storage of the 
electrode assembly in a beaker of the diluent. When 
in very heavy use the electrode and burette tip become 
dirty, however, they are easily cleaned by immersion in 
SN ammonia followed by a few minutes immersion in 
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diluent before operation is continued. 

The earliest sign of a sluggish electrode response 
under normal operating conditions (5 ml. diluent and 
0-2 ml. serum) is a marked relay chatter in the region 
of the end-point and/or a shortening of the waveform 
period as judged by the interval between relay noises. 
This period (as long as two seconds with some gas 
triodes at 6 ml./minute flow) will shorten to about 0-5 
second before RY > fails to open. 


Results 

A. Using standard chloride solution, 5-0 ml.—The mean 
of 25 consecutive titrations was 2-03 ml. of 0-01N silver 
nitrate. The standard deviation was 0-024 ml. It is 
therefore to be expected that 95 titrations in 100 will 
have an accuracy of 2:5 per cent and the remaining 
five titrations will lie within 3-6 per cent of the mean 
(Standard error of mean 0-24 per cent.). 

B. Using diluted serum.— 10 ml. of mixed pooled serum 
was diluted to 250 ml. with stock diluent. Aliquots of 
5 ml. were taken and 25 consecutive titrations were 
performed. The mean volume was 2-00 ml. and the 
standard deviation was 0-021 ml., suggesting that slightly 
higher accuracy is available in the presence of serum. 
(The serum used was not from normal subjects.) 


Summary 

The titrator is extremely simple in use and can be 
applied to any titration where the end-point is associ- 
ated with a change in voltage, provided that the internal 
resistance of the electrode system can be kept reasonably 
low. As the device is sensitive to changes in voltage, it 
lends itself to modification for photometric titrations 
as wellas other variations of A.C. and D.C. voltammetry. 

The cost is low, the prototype model was constructed 
for an expenditure of £17 (see appendix), excluding the 
magnetic stirrer. 

Appre ciation is expressed of the suggestion for a zero- 
setting device made by G.C.L. Clarke, M.A., Baird & 
Tatlock, Salisbury; also of the permission given by the 
Director of Medical Services, Northern Rhodesia, to 
publish this paper. 
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APPENDIX 


Components List: Automatic Titration Unit 


SWITCHES 

S,—S.P.C.O. contacts on RY}. 

S.—S.P. contacts on RY 2, normally closed, open when 
energized. 

S;—S.P. contacts on RY 3, normally open, closed when 
energized. 

S, D.P.S.T. rotary or toggle 250v. 1A. 

Ss; S.P. normally open, press to close. 

S¢« S.P. normally closed, press to open. 
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Components List: Automatic Titration Unit (continued) 


RESISTORS Value Wattage Tolerance 
R, 6-8M{2 j 10° Histab. 
R> IMQ2 l 5% Histab. 
R3 330KQ2 5 10% Carbon 
R4 2KQ 4 10°%% Carbon 
Rs IMQ J 10° Carbon 
Ro IM&2 l 5°, Histab. 
R> 330K Q2 4 10°, Carbon 
Rg 2KQ2 } 10°, Carbon 
Ro 10082 4 20°, Carbon 
Rio 47KQ2 l 20°, Carbon 
Rit 22KQ } 20°, Carbon 
Rj> 150002 5 Wirewound 
Rj3 IM{2 4 20°, Carbon 
Ris 35042 2 Variable W.W. 

PLUGS 


P,;A_ Bulgin P408 
P,B Bulgin VH60 
RECTIFIERS 
MR ,;—Westinghouse 16RD. 2-2-8-1 
MR >—Westinghouse 16K1 or equivalent. 


TRANSFORMERS 


T,—30 watt core, 230v. A.C. input, output 250v. 
30mA., 6°3v. 1°5A., 6-3v. 1A. 
T>—30 watt core, 230v. A.C. input, output 90-100v. 


10mA., 6-3v. 2A., 6-3v. and 4v. 3A. 


CORRESPONDENCE 

To The Editor, 

Laboratory Practice. 

DEAR Sik,—I was interested to read in the editorial of 
your July issue, your comments on the evergreen 
problem of visualizing the immense range of distances 
involved in comprehending the extent of our universe. 
However, all the scales that you employed (whether 
using units of distance or velocity) ) suffered from being 
linear. 

From time to time, various suggestions have been 
made for the adoption of logarithmic scales in science 
and engineering. Geometric scales already are well 
established in acoustics (decibels) and astronomy 
(stellar magnitudes) and the widespread use in commerce 
and industry of log. and semi-log. graph-paper might 
suggest that there is ready appreciation of the concept 
of orders of magnitude. In 1956, Prof. Devons, who for 
many years had encouraged his colleagues and students 
to adopt such a system, urged! the wider use of a 
notation in which the unit (for which he coined the term 
*jot’) comprised the characteristic and the first digit of 
the mantissa of the logarithm of the value expressed. 
For general calculations, the implied accuracy of + 5 
per cent sufficed but, if required, a decimal would be 
added, followed by further digits of the mantissa. Such 
a notation, it was maintained, was economical of digits 
and simplified multiplicative processes. 

More recently, this writer has suggested? that a 
simple logarithmic time scale in the particular field of 
geochronology provided a convenient (though possibly 
over-simplified) picture of the progression of cosmic, 
geophysical, biological and cultural evolution. 


OcTOBER 1959 


LABORATORY PRACTICE 


RELAYS 
RY; 1-°5-2 KQ D.C. relay 
RY>2 6 volt D.C. relay. 
RY3 6 volt A.C. relay (silent “hold-on’) 
VALVES 
Vi, V2 ECC83 (Mullard) 
V3 EL90 (Mullard) 
V4 GTIC (M.O.V.) 
PILOT BULBS 
L; 6-5v.0-3A M.E.S. (Amber) 
L> 6°Sv.0:3A M.E.S. (Blue) 
L; 6-5v. 0-3A M.E.S. (Red) 
Ly 6-Sv.0-3A M.E.S. (Green) 
CAPACITORS Value Volts Wkeg. Type 
C; 0-0luF 200 Paper 
C> 0:SuF 350 Polythene 
Cs 0-02u.F 200 Paper 
C4 0-SuF 350 Polythene 
Cs 20: uF 300 Electrolytic 
Co 20uF 300 Electrolytic 
C7 16uF 350 Electrolytic 
Cg 8uF 350 Electrolytic 
Co 16uF 500 Electrolytic 
Cio 250uF 12 Electrolytic 


Perhaps your readers may feel that a logarithmic 
expression of distance may be more useful for com- 
parative purposes than the series of inter-related 
linear scales that you discussed. Thus, a geometric 
picture of the expanse of the universe may be visualized 
on the familiar “Chinese box’ principle. The distances 
quoted in your editorial may conveniently be expressed 
as log-miles, where each addition of one unit represents 
an order of magnitude, i.e. a tenfold increase in 
distance. Thus: 


Earth’s diameter 3-9 
Distance of the moon 5-4 
Distance of the sun 8- 
Distance of Pluto 9-6 
Distance of the nearest star 13-4 
Galactic diameter 17-7 
Distance of Andromeda nebula 18-6 
20:8 


Furthest visible galaxy 
Incidentally, it would not be true to say that light 
radiated 140 million years ago ‘began its journey long 
before life appeared on this planet’. The time quoted 
is, geologically speaking, comparatively recent and was 
notable for its massive reptiles and early mammals. 
Whilst the date of the lower Cambrian is still dis- 
putable,3 we may safely say that simple invertebrates 
existed at least 500 million years ago and that the 
origin of life may well be twice this age. 
Yours faithfully, 
G. F. PHILLIPS 
Laboratory of the Government Chemist, D.S.1.R. 
Devons, S. (1956). Nature, 177, 373. 


2Phillips, G. F. (1958). ibid., 181, 1652. 
jLambert, R. (1959). ibid., 183, 212 and 769. 








INVESTIGATION INTO THE TITRATION ASSAY OF 
AMINOACIDS 
by S. Lewin, M.Sc., Ph.D. 


Physical Chemistry Laboratory, South West Essex Technical College, London, E.17 


PART Il 


N some laboratories, aminoacid solutions are 
I ceccitined by autoclaving. In view of what has been 
noted here and further contirmatory work by the 
author, it may be emphasized that aminoacid solutions 
should not be sterilized by autoclaving. They may be 
sterilized by passage through a filter such as the Seitz 
tilter. Alternatively, toluene may be added for bacterio- 
static purposes. The use of toluene for these purposes 
is, of course, well Known. However, instructions such 
as ‘add one or two drops of toluene to the litre of solu- 
tion prepared’ are misleading. Several checks in this 
laboratory have shown that the addition of such small 
quantities is insufficient to bacteriostatic 
conditions for periods longer than a week. It is usually 
necessary to add enough to cover the air gas interface 
to a thickness of | 32 in. or more. Above all one must 
shake the toluene very thoroughly with the rest of the 
solution. It ts also advisable to repeat the shaking at 
monthly, or shorter, intervals, if the solutions are to 
be kept for longer periods. The aminoacid solutions 
should then be kept in the refrigerator under anaerobic 
conditions 

The addition of toluene may lead to complications in 
volumetric analysis unless certain precautions are 
observed. As toluene is immiscible in water, some of it 
may be drawn up when the aminoacid solution is 
withdrawn by means of a pipette. As it tends to adhere 
to the surface it will tend to cause some error in the 
volume of solution delivered. Repeat titrations (Lewin, 
unpublished observations) have shown that it is possible 
to eliminate such errors by the following procedure: 

Remove as much as possible of the toluene floating 
on the surface of the aqueous solution, using a dry 
clean ungraduated pipette. A slow current of air, or 
preferably nitrogen freed from CO>, is forced through 
the solution delivery pipette as it is introduced into the 
solution in the containing flask, thus eliminating entry 
of toluene into the pipette. When the delivery end of 
the pipette is sufficiently below the surface (where the 
toluene is concentrated) the current of gas is turned off 
and the solution is sucked up the pipette to | cm. or 
more above the graduation mark. Gentle control of the 
practically closed upper end of the pipette ensures a 
drainage rate of about one drop per second. While the 
drainage takes place, a filter paper is used to remove 
any toluene adhering to the lower end of the pipette. 
The process of draining ensures the absence of bubbles 
of air, to which toluene may adhere, floating up the 
solution in the pipette. 

Four more points concerning the use of toluene 


ensure 
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deserves consideration, Firstly, like other hydrocarbons, 
toluene has a slight tendency to undergo oxidation, the 
tendency depends on the presence of air and increases 
with temperature. Any oxidation products, e.g. benzoic 
acid may lead to inaccurate results, e.g. in the titre, 
The adoption of anaerobic conditions and low tem 
peratures minimizes this tendency to negligible propor- 
tions. Secondly, the inhaling of many hydrocarbons, 
such as benzene and toluene, is undesirable because of 
health hazards. Consequently, protective suction 
devices should be used during the process of suction 
of the solution up the pipette. Thirdly, many commercial 
samples of toluene or benzene contain sulphur com- 
pounds such as thiophen. While these may be com- 
paratively inert, it is desirable to avoid their presence 
in case of complications. Hence, toluene free from 
sulphur should be used. If this is not available, the 
toluene should be shaken with a small quantity of 
mercury. The latter, on combination with the thiophen 
and similar substances, is precipitated. Fourthly, many 
commercial samples of toluene are quite aged when 
they reach the laboratory, or have been stored in the 
laboratory for quite some time. Such samples may 
contain some acid oxidation products of toluene. For 
this reason, the standard practice has been adopted in 
this laboratory to keep the toluene required on top of 
some sodium hydroxide solution and to remove—only 
the top layer of—the toluene as required. 


In many laboratories isopropyl alcohol is added to 
the aminoacid solution to give a final concentration of 
C. 10 per cent. From the volumetric standpoint it 
should be remembered that the propanol should be 
added before the solution is finally made up to the 
required volume. Further, the effect on the end-point of 
the titration should be examined; the ‘water correction’ 
in presence of the isopropanol is different from that of 
water itself. Finally, as the properties of aqueous alco- 
holic solutions are different from those of purely 
aqueous ones, any deductions as to the kinetic and 
other physicochemical effects of aminoacid solutions 
in 10 per cent isopropanol are likely to be different 
from those of purely aqueous solutions. For these 
reasons, the use of the immiscible toluene in preserva- 
tion of aminoacid solutions, for titre purposes and for 
physicochemical studies, is to be preferred to that of 
miscible substances requiring comparatively high 
concentrations or having effects on the solvent. 


(e) Time. The initial interaction between formalde- 
hyde and the free -NH>2 group is comparatively rapid, 
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and may take only several minutes. As the aminoacid- 
formaldehyde mixture is being titrated with NaOH in 
small steps, the increasing quantity of NaOH added 
results in progressive increase in the free -NH » concen- 
tration which in turn reacts reversibly with the for- 
maldehyde. Hence, by the time a pH reading is taken, 
or the colour of the phenolphthalein changes, the 
reaction may have come to equilibrium. It is neverthe- 
less advisable to make certain that the change in colour 
is permanent. Precautions should of course be taken to 
eliminate CO, diffusion from the atmosphere which 
can easily cause a significant change in pH or reversal 
of the phenolphthalein colour change owing to the 
absence of buffering capacity in the end-point range 
This can be done by passing, throughout the titration, 
a current of air or N > freed from CO >. Experiments by 
the author have shown thai the end-point of the formol 
titration is unaffected by the slight loss in formaldehyde 
vapour which escapes with the stirring gas 

We have noted that the concentration of simple 
aminoacids, such as glycine, can be conveniently 
determined by means of the formol titration. This 
applies also to 6 and y aminoacids. Diacidic amino- 
acids, e.g. glutamic acid and diamino aminoacids, ¢.g. 
lysine, behave similarly. In the case of histidine, the first 
formol end-point is well below that of phenolphthalein 
and the flattening is insufficient to cause a satisfactory 
colour change in the indicator. However, it was found 
(Lewin, unpublished observations) that when the 
experimental results were plotted in terms of the 
differential method, the end-points could be obtained 
with a high degree of accuracy. 

Aminoacids containing a free -SH group present 
complications. It was found (Lewin 1956c, 1956d) that 
pH elevations accompany the -SH interaction with 
formaldehyde. These elevations were predicted on the 
assumption that the sulphydryl acid dissociation 
equilibrium, viz. 

-SH — -S H 


is displaced to the left on reversible interaction of the 
undissociated sulphydryl group with the formaldehyde, 
thus 

-SH HCHO — -SCH »OH 


When cysteine is titrated with NaOH in presence of 
formaldehyde, two stages can be clearly distinguished: 
A pH depression in the lower pH range of c. pH 4 to 
c. pH 9 which switches over to become a pH elevation, 
the switch being accompanied by a flattening which 
takes place at the end-point of one g.-equivalent of 
alkali per mole of cysteine. 

The titrations of other complex aminoacids, peptides 
and proteins follow the pattern of the previously 
considered aminoacids, but determination of the ‘end- 
points’ is naturally not easily or even not obtainable. 
These will be discussed elsewhere. 

So far we have considered the aminoacid-formalde- 
hyde interaction mainly from the standpoint of volu- 
metric assay. We shall now proceed to consider this 
reaction from the standpoint of teaching the practical 
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classes in the teaching courses. It cannot be emphasized 
too often that the teaching of practical physical chemis- 
try should not be approached from the standpoint of 
getting through’ a certain number of experiments, 
which are supposed to ‘cover’ a minimum syllabus 
Once this attitude is allowed, there will be a danger of 
the average student proceeding to carry out the experi- 
ments in the spirit of ‘doing’ the experiments, and he 
will therefore neglect the fundamental requirements 
involved in the practical courses, viz. those of under- 
standing the object of the exercises and their relations 
with theoretical background. 

rhe purpose of the hours devoted to practical physical 
chemistry is to enable the students not only to co-relate, 
compare and contrast theory and practice and appre- 
ciate their limitations, but understand the 
meaning of scientific investigation rather than follow 
blindly the so-called ‘scientific discipline’ in the 
laboratory. In its widest sense, the purpose of the 
practical is not merely that of teaching the student to 
use his hands, but to co-ordinate the use of hand and 
brain, inspire him to think on his own and by teaching 
him the practical uses and limitations to direct his 
thinking along useful and creative lines. 

It is in this connection that the study of the aminoacid- 
formaldehyde interaction has wide ramifications. In the 
tutorial preceding the experimental work, an overall 
bird's eye view of the field should be given, followed by 
emphasis on the various possible approaches. To start 
with, the problem of aminoacid concentration deter- 
mination involves the van Slyke method of deamin- 
ation, paper chromatography, as well as the formol 
titration; obviously most of the time will be spent on 
the last method as it is the method mostly used in 
physical chemistry laboratories. Taking the ‘case of a 
simple aminoacid, such as glycine, having briefly 
explained the deamination process involved in the van 
Slyke method, one proceeds to the reversible equilibria 
involved in the formol titration, see page 332. 

The stoichiometric relationships involved in the 
Sorensen titration may then be discussed in terms 
developed by van Slyke and Kirk, while the effect of 
the formaldehyde on the titration curves of proteins 
may be briefly considered (Kekwick and Cannan, 1936: 
Cannan, 1942). 

The tremendous importance of the formaldehyde- 
aminoacid interaction to the immunologist deserves 
more than a mere mention. The significance of the 
interaction as a guide to the interaction of amino groups 
of enzymes, DNA and RNA with aldehyde groups of 
aldoses will surely increase the interest of the student in 
this field. 

The aminoacid-formaldehyde interaction may then 
be compared with other reactions leading to pH 
depressions, viz. aminoacid-aldose interactions (Lewin 
(1956a, 1956b, 1956c, 1956d.) Lewin and Kosinski 
(1958), Lewin and McCall (1957), Katchalsky (1941), 
Frankel and Katchalsky (1941) ) and borate-mannitol 
interactions (Lewin (1959), in the press), Boeseken 
(1933), Van Liempt (1930) and pH elevations with 
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acid -NH and acid -SH groups (Lewin, 1956c, 1956d) 
and the associated possibility of decision as to whether 
an acid or a base group is being dealt with. 

The preparation of acid-free formaldehyde solutions 
by distillation and by ion exchange methods may then 
be compared and the mechanism of ion-exchange be 
developed. 

The analytical aspect of the determination of the 
concentration of the aminoacid by the formol titration 
using phenolphthalein as indicator, glass electrode 
determinations, the use of the differential plot of 
(ApH/ AV) vs. V and the water correction method may 
be compared and contrasted. 

On no account must one forget to include the 
consideration that the evaluation of pK values gives 
the student the opportunity to co-relate experimental 
work with thermodynamic relations. The following 
example may be quoted. 

In explaining the significance of the standard free 
energy change, AG*, and equating it in terms of the 
equilibrium constant, we write 

AG —2-303 RT log K 
One should, however, go one stage further and simplify 


the equation as 

AG 2-303 RT pK 
thus directing the students’ attention to the significance 
of pK. It is in this connection that experimental 
determination of pK helps the student to appreciate the 
thermodynamic relation. 
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The titration curve of a weak acid such as that of an 
aminoacid may be viewed as an exercise in the deter- 
mination of the free energy change involved. It gives 
an opportunity of explaining that the determination of 
pK should be carried out under the standard conditions 
of unit activity of the various chemical species concerned, 
and that for correct determinations the thermodynamic 
pK value must be obtained. : 

As the formol titration enables so many different 
fields to be considered side by side in the practical 
course, it should form part of the curriculum of practical 
physical chemistry for degree and parallel qualifications. 
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Progress in Standards 
The growing demand of industry for new standards specifica- 
tions on which to base production and purchasing require- 
ments is reflected in the Annual Report for 1958-1959 of the 
British Standards Institution. 

The report—for the year ended March 31l—says that 
although the total number of new standards published is 
slightly less than in the previous 12 months, there has been 
a sharp increase in new projects to be undertaken in the 
technical divisions: in the engineering division 144 as 
compared with 92 last year; in the building division 34 
compared with 17; in the chemical division 48 compared with 
16. The range of these new projects is ever-widening; products 
for which standards are now in course of preparation 
include, seat belts for motorists, dividend warrants, poultry- 
feeding appliances and yacht rigging. 

Special features of B.S.1.’s technical activities referred to 
in the report are the co-ordination of the many existing 
standards for steel and other basic materials, progress on 
work connected with computers, continuing efforts to develop 
standards for smoke control and the preparation of standards 
on flammability of fabrics. 

The report contains details of important developments 
during the year in the activities of the International Organiza- 
tion for Standardization and the International Electrotech- 
nical Commission. Reference is also made to the proposed 
integration of standards among the countries of the Euro- 
pean Common Market. 

The Annual Report 1958-1959 of the British Standards 
Institution, a 272-page, fully indexed record of activities on 
the standards front, is supplied free to all subscribing 
members of the Institution; copies are available to non- 
members at 7s. 6d. net 


Prof. D. Williams 

Prof. David Williams, D.Sc., Ph.D., B.Eng., D.1.C., who 
occupies the University of London Chair of Mining Geology 
at the Imperial College of Science and Technology, has been 
elected President of the Institution of Mining and Metallurgy 
for 1960-61. He was elected to Associate Membership of the 
Institution in 1932, to full Membership in 1941, and has 
served on the Council since 1949, holding office as Vice- 
President from 1954 to 1957. 

He will take office in May 1960, 
J. H. Watson, C.B.E., M.C. 


in succession to Dr. 
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THE LABORATORY ESTIMATION OF CURARE-LIKE 
ACTIVITY IN NATURAL AND SYNTHETIC PRODUCTS 
by J. J. Lewis and T. C. Muir 


Department of Materia Medica and Therapeutics, University of Glasgow 


PART I 


Historical 

Among the most significant advances made in medical 
science during the past 20 years, progress in anaesthetics 
lays claim to a prominence which can perhaps be 
exceeded only by that of the antibiotics and the sul- 
phonamides. The great progress made in all types of 
surgery has been largely made possible by the intro- 
duction of muscle relaxants and their now general 
acceptance as essential adjuncts in modern anaesthetics. 
In addition to their great clinical importance, the use of 
muscle relaxant drugs, and especially of curare itself, 
has thrown light on the process of neuro-muscular 
transmission, enabling further advances to be made 
towards the solution of other pharmacological and 
physiological problems. 

Arrow poisons have been known for centuries. The 
South American arrow poison is mainly alkaloidal in 
nature, whereas African and Asian poisons are almost 
exclusively glycosidal. The arrow poisons from South 
America are called ‘curares’ and the alkaloids ‘curare 
alkaloids’. The term ‘curare’, however, includes many 
types of arrow poison derived from various plant 
species. There are three main types, pot curare, tube 
curare and calabash curare, these names being derived 
from the three types of containers in which they are 
stored, transported and sold, namely unglazed pots, 
bamboo tubes and gourds. Considerable variations are 
also found in the active constituents of each type. 

Curare has a long and romantic history which is given 
in detail by McIntyre!, who has discussed the botanical 
sources, nomenclature and chemical identification of 
the alkaloids. The main raw material used for the 
preparation of the various curares made by the South 
American Indians was either the bark of one of the 
many species of the genus Strychnos (most frequently 
Strychnos toxifera) or Chondrodendron tomentosum, but 
many other plants appear also to have been used. 

In addition to the purified, naturally occurring al- 
kaloid tubocurarine, there exist numerous synthetic 
muscle relaxants, some of which have been used in 
abdominal, pelvic and thoracic surgery and in various 
orthopaedic procedures. The systematic research which 
has been carried out for new compounds stemmed 
initially from a lack of uniformity and consistency 
accompanying supplies of Chondrodendron tomentosum, 
and partly because of the incidence of untoward side 
effects which were associated with the use of tubo- 
curarine. 

The first attempts at the production of synthetic 
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Fig. 1. 3381 R.P. 8’,8’-diquinolyloxy-1, 5-pentane di- 
iodoethylate. 
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Fig. 2. 3565 R.P. bis(dimethylamino-2, 2’-phenoxy)-1, 5- 
pentane di-iodoethylate. 
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Fig. 3. 2559F; 3697 R.P.; gallamine, tri-(3-triethylammon- 


iumethoxy)-1, 2, 3-benzenetriethiodide. 


muscle relaxants were the synthesis of the quaternary 
derivatives of strychnine and brucine by Crum-Brown 
and Fraser in 18692, who repeated Bernard’s} experi- 
ments and showed that these compounds had certain 
properties analogous to those of natural curare. The 
early attempts by West? to utilize in man the curarizing 
action of trimethylhexylammonium iodide and tri- 
methyloctylammonium iodide by Burman failed due 
to the lack of selective action in these compounds. 
Many of the recent advances in the history of the 
development synthetic neuromuscular blocking agents 
are due to the work of Bovet ©,’ and his co-workers, 
who in 1946, after a consideration of the molecular 
structure of tubocurarine, prepared and then described 
the neuromuscular blocking activity of 8’ ,8”-diquino- 
lyloxy-1,5-pentane di-iodoethylate, 3381 R.P. This was 
the first synthetic compound having significant curar- 
izing activity in mammals and possessing a potency and 
selectivity comparable with tubocurarine. This was fol- 
lowed by the synthesis and evaluation of simpler 
compounds having curarizing activity by Bovet and his 
co-workers who introduced a series of bisquaternary 
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Fig. 4. Decamethonium iodide; decamethylene-x «-is- 


trimethylammonium di-iodide. 


derivatives of aromatic amines. The most important 
member of this group was_ bis-(dimethylamino-2, 
2’-phenoxy)-1, 5-pentane di-iodomethylate, 3565 R.P. 
In the same year Bovet and his colleagues investigated 
a series of ethers of 8-hydroxyethyltriethylammonium 
and the most potent member of this series, tri-($- 
triethyl ammoniumethoxy)-1,2,3,-benzene _ triiodide, 
gallamine, showed most interesting properties. 

Its use in anaesthetics was first reported by Hugue- 
nard$ in 1948. It has a similar mechanism of action to 
tubocurarine but has a shorter duration of effect. 
Shortly after this Barlow and Ing? and Paton and 
Zaimis!® working independently reported simul- 
taneously the neuromuscular blocking activity of 
decamethonium (decamethylene-x «-bistrimethyl- 
ammonium di-iodide), the most active member of the 
polymethylene distrimethylammonium series. 

It was from this series that drugs more potent than 
tubocurarine and having a different mechanism of 
producing neuromuscular block were obtained®. De- 
camethonium was about ten times more potent than 
tubocurarine in producing neuromuscular block on the 
tibialis muscle of the cat. The block was not abolished 
Or antagonised by neostigmine or eserine which 
antagonise tubocurarine blockade. Decamethonium, 
first used in clinical anaesthesia by Organe and others! ! 
in 1949, is a satisfactory agent for the production of 
muscular relaxation during surgical operations, but has 
been used very little in latter years, chiefly because of the 
lack of a suitable antagonist. 

The dimethyl ether of tubocurarine, prepared by 
King!? in 1935 was described pharmacologically in 
1948 by Collier and his co-workers. Dimethyltube- 
curarine was found to be about three times as potent as 
tubocurarine in man and to resemble it pharmaco- 
logically.'3 On the other hand it has less histamine 
liberating and ganglion-blocking activity than the 
parent compound. 

A very potent neuromuscular blocking agent with a 
short duration of action, the blocking activity of which 
was overlooked in 1906 by Hunt and Taveau!+ was 
rediscovered independently in 1949 by Bovet and his 
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tetrahydro-6, 7-dimethoxy-1-(3, 4-dimethoxybenzy!)-2-methyl- 
isoquinolinium iodide). 
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colleagues and by Phillips.'> This compound was 
suxamethonium and it may be regarded as bisacetyl- 
choline; it is hydrolysed rapidly and almost completely 
by pseudocholinesterase, firstly to succinylmonocholine 
and then more slowly to succinic acid and choline. The 
side effects are few when used in relaxant doses but 
occasional prolonged apnoeas have been observed, and 
in common with all depolarizing drugs it causes 
muscular stimulation before relaxation. 

In 1952, laudexium, another clinically useful neuro- 
muscular blocking agent was synthesized by Taylor 
and Collier'® during the investigation of a series of 
decamethylene bis 1, 2, 3, 4, tetrahydro-2-methy! 
isoquinolinium salts and was later used in clinical 
anaesthesia by Bodman!’. Neuromuscular block was 
antagonised by neostigmine and markedly potentiated 
by ether anaesthesia. 

A further advance in the systematic search for 
muscle relaxants was made in 1954 with the preparation 
and investigation by Kensler and his colleagues!* of a 
series of aliphatic trisquaternary ammonium compounds 
in which the number of carbon atoms between the 
quaternary nitrogens varied from five to nine. The 
mode of neuromuscular blocking action was similar to 
that of gallamine and tubocurarine in that in the kitten 
phrenic nerve diaphragm preparation, its paralysing 
effects were antagonised by edrophonium, and on the 
isolated frog rectus abdominis muscle it was found to 
antagonise the stimulant actions of acetylcholine. 
Following this, further derivatives were prepared by 
Kensler!® and his co-workers containing even more 
quaternary nitrogen atoms and the pharmacological 
action of tetrakis-(dimethylamino methyl)-methane 
tetramethobromide (SK F 2091), the most active member 
of the series of tetraquaternary ammonium aliphatic 
methonium compounds was described. 

In the kitten phrenic nerve diaphragm preparation, 
this compound showed neuromuscular blocking activity 
of a type resembling decamethonium rather than 
tubocurarine, in that the block was not antagonised by 
neostigmine or edrophonium. It produced a contraction 
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of the isolated rectus abdominis of the frog and injection 
into the chicken produced a spastic and not a flaccid 
paralysis. 

More recently the search for new compounds has 
been carried further in Glasgow by Edwards and his 
colleagues!® who have synthesized and tested a series 
of aliphatic straight-chain polymethylene ethonium 
compounds, having three, four, five or six quaternary 
centres. In some of these compounds nitrogen atoms 
have been replaced by a tertiary sulphur atom or by a 
non-ionized sulphone group. 


Such a search as that outlined above, intensified in 
the last decade, has been made in the hope of finding 
the ideal muscle relaxant for the anaesthetist. Although 
tubocurarine, gallamine and suxamethonium are being 
widely used in clinical practice, and are, in general, 
satisfactory, they may cause untoward side effects. For 
example, histamine liberation and ganglion-blocking 
activity are shown by tubocurarine, whilst the lack of 
suitable antidotes to decamethonium and suxamethon- 
ium is a serious disadvantage. Although it does not 
cause histamine release or ganglion blockade, gallamine 
can give rise to tachycardia. Tubocurarine, gallamine 
and suxamethonium, therefore, al! suffer from limita- 
tions. Gallamine and tubocurarine are satisfactory for 
longer operations and suxamethonium is useful in 
shorter procedures, but a short-acting drug having a 
tubocurarine-like mechanism of action, and therefore 
antagonised by neostigmine, is desirable. This fact is 
the mandate for continued research in this field. 


A neuromuscular blocking agent may be defined as a 
drug which interferes with the transmission of the nerve 
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impulse across the neuromuscular synapse to the muscle 
fibres without modifying conduction in the nerve and 
without affecting twitch tension in response to direct 
stimulation of the muscle. Although compounds other 
than quaternary ammonium derivatives (e.g. tertiary 
amines?°) are also capable of neuromuscular blockade, 
the clinically useful neuromuscular blocking agents are 
all quaternary bases producing neuromuscular block 
by inhibiting either the depolarizing or the repolarizing 
phases of neuromuscular transmission. Numerous 
methods have been suggested by investigators to 
classify the quaternary neuromuscular blocking agents. 
Bovet 2! grouped decamethonium, suxamethonium and 
related substances as ‘leptocuarares’ (long, thin 
molecules), while compounds related to tubocurarine 
and gallamine were described as ‘pachycurares’ (thick 
molecules); Foldes?? suggested the division of neuro- 
muscular blocking agents into (i) non-depolarizing and 
(ii) depolarizing agents. While each method of classifica- 
tion may possess certain merits of its own, that suggested 
by Paton and Zaimis?+ appears to be most suitable for 
the purpose of discussing the various types of neuro- 
muscular blocking agents which are quaternary 
ammonium derivatives. These two workers distinguish 
between three types of neuromuscular block (i) com- 
petitive block, (ii) depolarization block and (iii) mixed 
or intermediate block. 

Competitive block is caused by drugs which produce 
their effects by competing with acetylcholine at the end 
plate region. The end plate potential is progressively 
reduced to a level below that of the normal threshold 
value until impulse propagation ceases and muscle 
contraction is abolished. A large number of synthetic 
or naturally occurring substances of this type are 
known. Tubocurarine, the most thoroughly studied 
(though not the most potent or specific) is generally 
considered to be the typical representative of this 
group. 

Depolarization block may be contrasted with that 
caused by competition in that depolarizing drugs 
produce a persistent depolarization of the end plate. 
This causes the end plate region to become electrically 
inexcitable and prevents the generation of end plate 
potentials adequate to excite the adjacent muscle 
membrane. Decamethonium is the most typical repre- 
sentative of this class of drug, at least on the basis of its 
action on mammalian (cat), avian (chick) and amphibian 
(frog) muscle. 

Studies made using mammalian species have revealed 
the possibility of a third mode of neuromuscular block 
combining the characteristics of the other two types. 
The significant feature of this block is that an initial 
depolarizing action changes to a competitive one. An 
example of this type of block is the action of tri- 
decamethonium?4 in chicks. A spastic paralysis is 
observed at first, followed slowly by a mixed type of 
paralysis in which the legs are contracted and the head 
and neck flaccid. This is finally followed by the appear- 
ance of a typical generalized, flaccid paralysis. 
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Differences between the Mechanisms of Action 
Decamethonium and Tubocurarine 
A more detailed consideration of the differences between 
decamethonium and tubocurarine is justified so that the 
principles underlying the assay methods can be under- 
stood. 

It is characteristic of the depolarizing class of com- 
pounds that there is an initial stimulant action before 
depression. This is specially well shown by decamethon- 
ium. This initial excitatory effect on striated muscle is 
lacking when tubocurarine is used and is best shown at 
concentrations of decamethonium insufficient to pro- 
duce neuromuscular block. In this respect decamethon- 
ium and acetylcholine show a close resemblance. A 
qualitatively identical stimulant action can be demon- 
strated for acetylcholine by the use of suitable electrical 
and myographic methods following close intra- 
arterial injection. In clinical practice thisinitial stimulant 
effect is a disadvantage because it causes uncontrolled 
muscular fasciculations preceding muscular relaxation 
and may give rise tO post-operative soreness and 
muscular discomfort. This stimulant action is a reflec- 
tion of the drug’s depolarizing action and provides the 
basis for the simplest test for the nature of the mechan- 
ism of action of a new muscle relaxant, viz. the chick 
test and use of the frog rectus muscle. 

There also exist differences in the order in which 
different muscles in an animal are paralysed. Differ- 
ences of order of effect occur not only between species 
but also within a species. Paton and Zaimis!°,2> have 
demonstrated this using different muscles of the same 
animal. For example, in the cat the soleus muscle is 
particularly resistant to decamethonium, while the 
tibialis is particularly sensitive. In man2° also it appears 
that the relative sensitivities of different muscles to 
tubocurarine and decamethonium differ considerably. 





Fig. 8. Comparison of the effects of tubocurarine and de- 
camethonium on the response of the cat gastrocnemius 
muscle to indirect tetanization via the sciatic nerve. 
Tetanization by square impulses, 10 volts; 3 msecs., 1,500 
per minute during incomplete neuromuscular block. Time 
interval 10 seconds. 


A. Normal response, no drug given. 
B. Decamethonium 0-02 mg. per kg. intravenous. 
C. Tubocurarine 0:1 mg. per kg. intravenous. 
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It has been found that tubocurarine is more effective 
than decamethonium in paralysing the muscles of the 
eyes, pharynx, larynx, face, limbs and respiration in 
relation-to the trunk muscles. Such differences between 
the two compounds appear to be correlated with their 
different modes of action and with underlying physio- 
logical and anatomical differences in the muscles 
themselves. The inverse relationship between species 
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Fig. 9. The effect of ether anaesthesia on the partial neuro- 
muscular block, induced by a competitive muscle relaxant 
using the cat gastrocnemius-sciatic preparation. Indirect 
stimulation via the sciatic nerve. Contraction downwards. 
Drugs administered intravenously. 
At A, competitive muscle relaxant drug. 
At B, competitive muscle relaxant drug with ether anaesthesia. 
(complete recovery takes 32 minutes). 
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A study of the effect on block of drugs which raise the 
end plate potential to acetylcholine also differentiates 
between the two classes of drugs. Gallamine, ether 
anaesthesia, pentamethonium and tubocurarine itself 
potentiate the action of tubocararine and similar drugs 
and antagonize decamethonium and similar drugs. 


H TABLE | 
ii 1 ji Comparison of Competitive and Depolarizing Muscle 











Relaxants 





Hn i. Initial excitatory effect 


in nh rT wil 
| ! on striated muscle 


HN 
HH 1 


Mu NA ti 
hi . - 
t ‘ONY wii 2. Effect of administra- 
B tion of different com- 
petitive muscle relax- 
a ete hctriad ants. 
Fig. 10(a). The effect of neostigmine on the partial neuro- 
muscular block induced by a competitive muscle relaxant 
using the cat gastrocnemius-sciatic preparation. Indirect 
stimulation via the sciatic nerve. Contraction downwards. 
Drugs administered intravenously. 
At A. Competitive-type muscle relaxant. : ave 
At B. Neostigmine 0-05 mg. per kg. 4. Indirect tetanization 
of partially blocked 
muscle 
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and muscle sensitivity to tubocurarine and sensitivity 

to decamethonium must be remembered when con- 

sidering the methods available for evaluating com- 
pounds of these types. For example, the comparative 5 Effect of ether anaes- 
insensitivity of the rat to depolarizing-type drugs thesia. 

renders this animal unsuitable for their estimation. 

Variations in potency of muscle relaxants from one 

species to another have been tabulated and reviewed by 6 Effect of: 

Hoppe?6s, (a) previous tetan- 
ization of the 
motor nerve 

(6) Potassium 


(c)Neostigmine 


(d) Edrophonium 


7. Effect of current 
applied to end plate 
region 

(a) Anodal current 


Fig. 10(b). The effect of neostigmine on the partial neuro- 
muscular block induced by a depolarizing muscle relaxant 


using the cat gastrocnemius-sciatic preparation. Indirect 
stimulation via the sciatic nerve. Contraction downwards. 
Drugs administered intravenously. 
At A. Depolarizing-type muscle relaxant. 
At B. Neostigmine 0:05 mg. per kg. 
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Anticholinesterases, for example, physostigmine, 


edrophonium and neostigmine, antagonize tubocurarine 


and competitive neuromuscular relaxants. Perhaps the 
most striking example of this inverse relationship 
between decamethonium and tubocurarine is to be 
found in their effect on the myaesthenic patient. This 
rare disease is characterized by a gradually developing 
weakness of the body somew hat Tesembling paralysis 
due to tubocurarine. Three main theories have been 
put forward to explain the cause of this disease; (a) an 
increase in cholinesterase activity at the neuromuscular 
synapse, (5) a reduction in the amount of acetylcholine 
released and (c) the presence of a circulating curare-like 
substance. Sellick?’? and Churchill-Davidson and 
Richardson?’ have shown that patients suffering from 
myaesthenia gravis show tolerance to decamethonium 
and are hy persensitive to tubocurarine. Other differences 
between depolarizing and _ non-depolarizing muscle 
processes are shown in the effect of tetanic stimulation 
on twitch tension and the reaction of a muscle to a 
variety of agents which have the ability to relieve or 
diminish neuromuscular block by tubocurarine but 
which may intensify block by decamethonium, or at 
any rate not antagonize it. A muscle relaxed by tubo- 
curarine shows a typical flagging response during the 
application of a tetanus, while in a decamethonium 
treated muscle a sustained tetanic contraction is 
observed. Tubocurarine block is essentially labile 
contrast to that produced by decamethonium which is 
stable and antagonized with difficulty. Lack of a suitable 
pharmacological antagonist is a serious disadvantage 
in the use of depolarizing drugs. The major differences 
in the two types of neuromuscular blocking agents are 
described in Table I. 


(To be continued) 
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Certificate of Proficiency in Natural 
History 


The work for the Certificate involves a directed course of 


private reading at home, attendance at a Practical Course at 
a suitable Field Centre during one week in the spring and 
three weeks in the summer, an approved plan of fieldwork 
suited to the student’s locality to be written up in the form 
ofa Special Study, and examinations. 

It is designed for (i) teachers who require a certificate 
testifying that they have a practical working knowledge of 
Natural History, such as will be of special value in teaching 
it to children up to the age of fifteen, (ii) other persons who 
are interested in the study of living things in their natural 
habitats and who wish to pursue that study. 

The Director of the Practical Course is Mr. F. H. C. Butler, 
M.A., M.Sc. 

For syllabus and registration form, write to the Secretary, 
Natural History Certificate Course, Department of Extra- 
Mural Studies, University of London, Senate House, 
London, W.C.1. 


Recent British Standards 


Ferrous and Non-ferrous Bourdon Tubing 
B.S.3127:1959 (price 6s.) deals with ferrous and non-ferrous 
tubing supplied in straight lengths, in a suitable condition 
for the fabrication of the pressure- responsive components 
of gauges and instruments operating on the Bourdon 
principle. Requirements are specified for the following 
tubing materials: 
Non-ferrous 


Beryllium copper 


Ferrous 
Carbon steel 


Brass Chromium-molybdenum 
Nickel-copper-aluminium alloy steel 

alloy Iron base, nickel, chrom- 
Phosphor bronze ium, titanium (precipi- 


tation hardening) alloy 
Stainless steel 

Detailed chemical compositions are provided in respect 
of each of the above materials. 

One section of the 24-page publication is devoted to 
requirements for a series of standard sections of ‘oval’ 
tubing (together with appropriate tolerances). Requirements 
for sections other than these are required to be the subject 
of agreement between purchaser and manufacturer. 

The standard’s three appendices deal separately with: 
“Mercurous nitrate test on brass tubing’, ‘Mechanical 
properties of cold drawn Bourdon tubing’, and with ‘Guid- 
ance on microstructure’. 


Methods of Testing Plastics 
Issued as PD 3415, this new 23-page publication (price 5s.) 
contains additional data to bring Methods of testing plastics 
(B.S. 2782) fully up-to-date. 

The fully illustrated publication specifies requirements 
for test specimens, procedure and the calculation of results 
in relation to tensile tests for: polythene; rigid p.v.c.; and 
toughened polystyrene. It contains also requirements for a 
test of stiffness in bend at low temperatures. 


Copies of these Standards may be obtained from the British Standards 
Institution, Sales Branch, 2 Park Street, London, 


OcTOBER 1959 








eo arsine ae 








ure 


Se —ae eEEs 





APPARATUS AND DEVICES 





An Apparatus for Recording the Spontaneous Activity Patterns 
of Small Mammals 


by A. E. Hawkins, Ph.D., F.Inst.P. 


Department of Physiology, Royal Veterinary College, London, N.W.1. 


Introduction 

Experiments with a carbon microphone type of detector 
to record levels of animal activity in an automatic 
version of an animal calorimeter, of the type described 
by Clarke and Hawkins (1956), indicated that this 
method might have a wider application in the study of 
animal activity in general. An instrument to record 
animal activity using an amplifier and an oscillograph 
was accordingly constructed (Clarke and Hawkins, 
1957). This has been simplified and improved and details 
of the construction and potentialities of the apparatus 
are now presented. 


Details of the Apparatus 

For experiments with small animals a triangular sheet 
of plywood (9 in, x 9 in. x 9 in.) is supported by three 
leg units (Fig. 1), one at each apex. Each unit consists 
of a segment of 2 BA brass studding (A) which is in- 
serted for a short distance into a length of pressure 
tubing (B), whilst a brass cylinder (C), which surrounds 
the tubing without being in contact with it, is connected 
to the studding by a brass rod (D). The leg unit stands 
in a small metal vessel containing carbon granules. The 
inner walls, but not the bottom, of the vessel are 
insulated. There is thus a conductive path between the 
studding and the bottom of the vessel; the resistance 
of the conductive path varies with the movement of 
the brass cylinder and therefore with that of the table. 

The three leg units can be connected up in an electrical 
circuit in various ways, but the arrangement in Fig. 2 
has certain advantages. A current passes from E; 
through the three leg units in series, the potential 
difference across one unit being used to record activity. 
This asymmetrical arrangement produces characteristic 
values of potential difference for;animal activity in 
different parts of the cage. 

The output is applied to a recording milliammeter M 
with a variable resistance R> in series to act as a 
sensitivity control. The potential divider R; and the 
accumulators E> and E; have been introduced to give 
a bias voltage, so that traces can be obtained side by 
side with no significant alteration in sensitivity. This 
is extremely useful for purposes of comparison. 

The sensitivity of the apparatus may be varied by 
(a) electrical methods; (+) changes in the wall thickness 
of the tubing; (c) variations in the depth to which the 
brass studding is inserted into the pressure tubing; and 
(d) variations in the ratio of cage weight to mammal 
weight. A duplex pen recorder has been used with the 
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apparatus to record either simultaneous activity of an 
experimental and a control animal, or animal activity 
in relation to variable environmental factors such as 
light, temperature, etc. 

To investigate the activity of larger laboratory 
animals such as rats, rabbits and guinea-pigs, or for 
large numbers of mice, a larger form of the apparatus 
has been constructed. This consists of a circular plywood 
table of diameter 18 in. with the contact feet carried 
on three horizontal aluminium girders of U-section 
fixed at 120° intervals. 





A-> 


Fig. 1. A leg unit. 
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Fig. 2. Circuit diagram of the apparatus. E | 


M recording milliammeter 0-1 mA. (Everett Edgcumbe). R} 
. 5 pole, 3 way switch. 


S; S> S; S, Ss 


It has been found possible to arrange the apparatus 
so that the change over from one size of table to the 
other is a simple operation. As may be seen in Fig. 3 the 
metal vessels for accommodating the leg units, together 
with the switch unit are fastened to a base board. The 
circuit of the switch unit is as shown in Fig. 2. To change 
over from the small to the large table the wire A is 
disconnected, the tables are changed and the wire B 
is connected. The multiple switch is then used on 
position 3 instead of 2. 


4 volt accumulator. E>, E,; 





2 volt accumulators. 


100 ohms, R> 25,000 ohms 


Results 

The apparatus has been tested with various laboratory 
animals, but has been used principally with mice for 
recording levels of activity. Four levels of activity can 
be recognized. These are shown at a paper speed of 
1/2 inch per minute in Fig. 4 as follows: (a) rapid 
locomotor activity; (+b) slow locomotor activity; 
(c) non-locomotor activity; (@) rest. 

The locomotor behaviour is, to some extent, dictated 
by the size and shape of the cage. The cages used for 





Fig. 3. The activity apparatus. 
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Fig. 4. Types of activity of a mouse recorded at 4 in. per minute. a 


spe 


STE hn he.) Tk ee! ak, 


rapid locomotor; b slow locomotor; c = non- 


locomotor; d rest. 


Br ET TTT 
TT ton es 
apne TCR hs IP TN INT 
Vane: YM naan arn: 
Wisma waite |) ila ce Das 
OTM TI ecg age Ny 
i | ain he eee alia 
aoe sUsihih. dial Geen ena RL ala uh ac 
na bepN Nip Jie tia mand A hl 


0400 0800 1200 1600 2000 


Fig. 5. Activity record of a pair of albino mice from intro- 
duction to parturition. 


single mice in these experiments are of galvanised mesh 
6 in. x 6 in. x 5 in. weighing 700 g. with a light alumin- 
ium tray. In these cages rapid locomotor activity 
consists of continuous running round the cage in a 
vertical plane (determined from recordings as c. 30 ft. 
min.—!). Slow locomotor activity consists of walking 
about the cage with little climbing. Non-locomotor 
activity consists of gnawing, eating and grooming, 
whilst ‘rest’ denotes no visible movement apart from 
that of the head. 

Typical records are portrayed in Fig. 5, 6 and 7, all 
at a paper speed of | in. per hour. Fig. 5 shows a complete 
sequence of 24 hour traces obtained with a pair of mice 
from the time of their introduction to each other in the 
apparatus to parturition 224 days later. Activity is 
shown commencing between approximately 16.00 and 
17.00 hours, and continuing for three to four hours. It 
ceases thereafter for about two hours, and then re- 
continues for a longer period ending at about 04.00 
hours. (Sunset during this experiment was at approxi- 
mately 16.00 hours and sunrise was at 04.00 hours). 
The bursts of activity at 07.00 and 09.00 hours coincide 


with periods when the animals were disturbed by the 
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presence of attendants. Generally there is only minimum 
activity between 09.00-16.00 hours. The maximum 
displacements represent locomotor activity and the 
intense, low amplitude, relatively high frequency 
displacements represent feeding and grooming. 

A particular feature of interest is the prolonged 
nocturnal activity from 16.00 on the 4th trace to 06.00 
on the 5th trace. A vaginal smear at 09.00 hours on that 
morning indicated that the female was in oestrus, but 
a smear at 09.00 on the 6th trace showed that this had 
ceased. A second point of interest is that on the last 
trace activity appeared to cease at 03.00 and recommence 
at about 03.30 continuing thereafter without a break 
until 09.00 when it was discovered that parturition had 
occurred. 

Fig. 6 shows two pairs of synchronous traces (A 
and B, C and D) obtained over two periods of 24-hours. 
Trace A represents | the activity of a grey mouse in a 
cage without nesting material; trace B that of a similar 
grey mouse prov ided with nesting material. It will be 
seen that there was less activity when nesting material 
was available. Traces C and D represent the activity of 
the same two animals in the same order, but with the 











00 1700 1900 200 2200 











pr it ee feaaied eos OU 


VETO eens goeee semecmeenes SVN Loto Pane 


\f > wi, yt. . »\ Wi 


Cc 


\) Sa ore Wd NYA, - 


ESTE WU ave at AMR eet tte rath 


Fig. 6. Two pairs of synchronous traces obtained with two grey mice (Ambient temperature 20° C.). A 
with nesting material; D 


material; B with nesting material. € 
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Fig. 7. Two pairs of synchronous traces obtained with two albino mice (Ambient temperature 20 C.). A 
with nesting material; D 


material; B with nesting material. C 


availability of nesting material reversed. Again there 
were longer periods of minimum activity when nesting 
material was present. This experiment was carried out 
when sunset was at approximately 16.00 hours and the 
nocturnal activity pattern is clearly shown. Fig. 

illustrates a similar experiment with albino mice, when 
sunset was at approximately 19.00 hours. The general 
features of the activity patterns are as in Fig. 6 except 
for the shift in the commencement of the nocturnal 


ACtivity 


Conclusion 

From the foregoing it is evident that this type of 
apparatus will give as detailed a record of activity 
pattern as may be desired, as the only alteration needed 
to obtain increased detail is an increase in paper speed. 
It is possible, moreover, to study activity patterns with- 
ut transferring the animals from quarters to which 
they are accustomed. An additional feature is that, since 
the potential difference applied to the recorder depends 
upon the position of the animal in the cage, the actual 
pattern of movement can be determined. Calibration 
ig an object of the same weight as the animal, can 


easily be carried out 
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The Determination of Gases in Metals 
The Society for Analytical Chemistry, the Iron and Steel 
Institute and the Institute of Metals are holding a Joint 
Symposium on Tuesday and Wednesday, May 3 and 4, 1960, 
at Church House, Westminster, London, on ‘The Determina- 
tion of Gases in Metals’. Three sessions are envisaged, 
occupying the afternoon of May 3 and the morning and after- 
noon of May 4. At the first session invited review papers 
will be presented covering the determinations of oxygen, 
hydrogen and nitrogen in a general way; the other two 
sessions will be devoted to shorter papers and discussions 
dealing with specialized aspects of the field. 

It is intended that preprints of all the papers will be 
available before the start of the Symposium and that the 
proceedings, including discussions, will be published in a 
single volume at a later date. 
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The Effect of Tween 80 on pH Indicators 
by J. D. Sargent and J. R. L. Walker 


Department of Microbiology, Massey Agricultural College, and 
The Dairy Research Institute (N.Z.) Palmerston North, New Zealand 


HE addition of Tween 80 (polyoxyethylene sorbitan 

mono-oleate) as a growth stimulant for lactobacilli 
and other exacting micro-organisms has been recom- 
mended by several workers( Briggs, 1953; Nieman, 1954; 
Mabbitt and Zielinska, 1956). Recently in these labora- 
tories it has been used as an addition to sugar peptone 
water (Wheater, 1954). During preparation of this 
medium the final reaction was adjusted by addition of 
sodium hydroxide on the basis of a colorimetric 
titration using bromo-thymol blue as indicator. The 
unusually large amount of alkali apparently necessary 
to adjust the pH to 7-0 raised the suspicion that some 
abnormal reaction was occurring. On checking the 
reaction of the adjusted medium with a potentiometer 
(glass electrode), it was found that the pH was actually 
8-3. When phenol red and cresol red were used to check 
the final pH of the adjusted medium, approximately 
true readings (8-4 and 8-5 respectively) were obtained. 
Evidently these indicators were not affected in the same 
way as was bromo-thymol blue. However, because of 
their high pH range, neither of them is satisfactory for 
media pH adjustments in the region 6°8 to 7-0. 

The effect on pH of various concentrations of Tween 
80 in sugar peptone broth was investigated. The results 
are tabulated on the right. 

From the results obtained, it appears that Tween 80 
up to a concentration of 0-2 per cent does not affect the 


pH of the medium, but that it alters the colour of the 
indicator bromo-thymol blue so as to give a false 
reading of the pH as judged colorimetrically 

In view of the misleading results obtained it is evident 
that the adjustment is best made electrometrically. 
Alternatively, the Tween 80 may be added to the medium 
after its pH has been adjusted by the usual colorimetric 
method. 





Concn. of PH reading. 
Tween 80... —————-— ——_——— --— — 
Potentio- Colorimetric. _ Potentio- 
metric, ( Bromo- metric, 
Before thymol blue). After 


addition of 
indicator. 


addition of 
indicator. 


Nil (control) 6°85 6-9 6-85 


0-01 °% 6-85 6-9 6:85 
0-1 % 6:85 6-4 6-85 
02% 6:85 6:2 6-85 
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A Rotatable Fraction Collector 


for a Semi-micro Distillation Apparatus 
by L. G. Morrison 


Smith & Nephew Research Ltd., Hunsdon Laboratories, Ware, Herts. 


NEW rotatable fraction collector for a semi-micro 

distillation apparatus has been designed to elim- 
inate difficulties in the placing and removal of the micro- 
collecting tubes through the restricted neck of the 
conventional container. 

To facilitate the positioning, rotation and removal of 
the four fraction collecting tubes, a rotatable spindle 
assembly is incorporated in the vacuum jacket. (Figs. 
1 and 2.) This spindle assembly consists of two neoprene 
discs each 30 mm. diameter and approximately 3 mm. 
thick, centrally mounted, 35 mm. apart, on a Pyrex 
glass spindle 20 cm. long and 4 mm. diameter. *Buttons’ 
have previously been pushed up on the spindle to allow 
the neoprene discs to be secured. There are holes in the 
upper disc making a loose fit for the fraction collecting 
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tubes, but in the lower disc they are just sufficiently 
large to seat the rounded base of the 10 mm. x 50 mm. 
collecting tubes. 

These collecting tubes are easily removed by pushing 
the spindle assembly up through the bottom of the 
vacuum jacket after dismantling. The spindle is a 
sliding fit into, and just clearing, the bottom of the 
sealed end of a B14 extended cone. The upper end of 
the cone is coarse-ground and flat. This prevents slipping 
between the glass end of the cone and the neoprene disc, 
when the spindle assembly is rotated by the extended 
cone in order to locate the collecting tubes under the 
drip ended delivery tube. 

As the spindle assembly can be rotated from the out- 
side of the vacuum jacket the support clamping can be 
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made on the more robust section of the apparatus, i.e. } 
: the vacuum jacket itself. Only one clamp is required as 7 S | 
support, thus avoiding the strain and tension on 


vulnerable seals and joints in the glassware, such as 
occurs with doubly-clamped apparatus. Jy 


, This assembly was made in the workshops of Smith 17 
& Nephew Research Ltd. in borosilicate glass and using 
ii British Standards joints. HA 


The author wishes to thank the Board of Directors of 
Smith & Nephew Research Ltd. for permission to publish 
this article, and the assistance of F. W. Joel, who prepared 
the photographs, is gratefully acknowledged. 








APPARATUS AND DEVICES 


It is evident from letters received that the Apparatus and Devices Section of Laboratory Practice arouses 
considerable interest. We should like to point out that we are at all times pleased to receive from readers, notes, 








however short or simple, for inclusion in this section. 








BOOK REVIEWS 





The Chemistry and Technology of Cereals as Food and 
Feed, by Samuel A. Matz. Connecticut, U.S.A.: The 
Avi Publishing Co., Inc. 1959. $16. pp. 732 + xv. 

There is a distinct need for such a book since, as the 

preface indicates, although there are many useful books 

on specialized subjects such as cereal chemistry, milling 
and baking, and perhaps a few useful but rather wider 
books covering the science and technology of foodstuffs 
as a whole, a comprehensive survey of the chemistry and 
technology of the cereal industries has not, to the 
reviewer's know ledge, been previously attempted. Such 

a book, if it is to be authoritative, is only possible if it 

is compiled by a number of contributors who are experts 

in their own field. 

In this book there are no less than 24 contributors 
writing the 25 chapters in spite of the fact that Dr. 
Matz has dealt with several chapters himself. Further- 
more, acknowledgment of help is given to another 20 
people who have supplied information, etc. At the end 
of each chapter there is a useful bibliography and the 
book has no less than 164 illustrations. 

Naturally, the book is American in its outlook but 
most readers outside U.S. will find every chapter of 
interest and help. It is, however, interesting to note that, 
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in the excellent chapter on milling contributed by Dr. 
R. A. Larsen, considerable space is devoted to British 
milling equipment and the reviewer was pleased to see 
that the chapter on Commercial Baking Procedures 
was contributed by Dr. L. A. Rumsey whose valuable 
earlier contributions to this subject have perhaps some- 
times not always been fully appreciated. However, 
some British bakers will be surprised to read that in 
bread dough in U.S. no less than 65 to 70 per cent of 
water is used for each 100 Ib. of flour—water absorption 
of 184 to 195 gallons per sack! Amongst other interesting 
chapters that especially attracted the reviewer were 
those by Dr. C. G. Harrel on the ‘Manufacturing of 
Prepared Mixes’, by C. M. and W. G. Hoskins on 
‘Macaroni Production’ by Dr. Samual A. Matz on the 
‘Manufacture of Breakfast Cereals’ and by Mr. Charles 
Feldberg on the ‘Adequacy of Processed Cereals in 
Human Nutrition’. However, as already stated, the 
whole book maintains an excellent standard and it is 
attractively printed and produced and remarkably free 
from errors. 

The reviewer is very pleased to have this useful book 
in his library and we believe that most cereal chemists 
will not want to be without it.—D. W. KENT-JONES. 
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BRITISH GLASS RESEARCH 


The new laboratories of the British Glass Industry Research Association were 
opened on June 6 by the Chancellor of the University of Sheffield, The 
Rt. Hon. The Earl of Halifax, K.G., P.C., O.M., G.C.S. I., G.C.M.G., G.C.L.E. 


LTHOUGH B.G.I.R.A. was only set up in 1955, it is 

really an indirect result of the first World War. In October 
1914 the University of Sheffield decided to set up a Scientific 
Advisory Committee as part of its war effort. Its aim was to 
help local firms who were running into difficulties because 
of the war, either because they were cut off from essential 
supplies from the Continent, or because they were being 
asked to turn out products they had never mi ide before. The 
suggestion for the C ommittee came from Mr. W. E. S. 
Turner, a lecturer in the Chemistry Department, and he 
became its secretary. 

However, after the second World War it became obvious 
that the industrial research work was too great a burden on 
the Department, and plans were made for a second Research 
Association to be formed to take it over. The retirement of 
Prof. Moore, the second holder of the chair of Glass Tech- 
nology, in 1955 presented a suitable opportunity and in that 
year B.G.I.R.A. came into being. 

One of the researches which the Glass Technology Section 
have now been able to start is a study of the effect of changes 
in raw materials on the rate of founding of glass. This uses a 
novel rotating hearth laboratory furnace. It is expected to 
overcome the difficulties usually associated with differences 
in temperature from one part of a laboratory furnace to an- 
other, because each melt will be moved on the rotating hearth 
through the same average conditions. 

The Physics Section have, in co-operation with a member, 
started researches into the way glass panels deflect when they 
are stressed to breaking point. The way in which a large 
window breaks under wind pressure is complicated, and it 
has been necessary to record the deflections of the surface of 
the panel at some 50 points every second. Other fundamental 


(Concluded on page 350) 
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The rotating hearth furnace. When the heating compartment 
is raised, a pot can be quickly withdrawn at any stage of the 
melting process, and the heating chamber immediately 
lowered. As the hearth rotates, each pot passes through the 
same average heating conditions, and the withdrawal of a pot 
for investigation is thus less likely to disturb the general 
conditions to which all are exposed. 
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Fig. 1. Home of the Electronic Calibration Centre. 


SERVICES AND FACILITIES OF 
THE ELECTRONIC CALIBRATION CENTRE 


HE primary mission of the National Bureau of Stan- 

dards new Electronic Calibration Centre at Boulder is to 
calibrate interlaboratory standards for such quantities as 
voltage, power, and impedance in terms of the national 
standards maintained by NBS. These interlaboratory 
standards, in turn, are used to assure the accuracy of 
reference and working standards in laboratories, on the 
production line, and in overhaul stations throughout the 
nation. 

The quantity of electronic calibrations required today in 
the design, manufacture, and adjustment of extremely 
complex electronic weapons, communications equipment, 
and industrial electronic apparatus is so great that branching 
chains of measurement are necessary to extend the national 
standards to the shop or field instruments used for this work. 
The large number of links in each chain, through which the 
units of measurement must be transferred, requires the 
highest practicable accuracy at each step in order to assure 
adequate accuracy of the shop and field instruments. The 
Electronic Calibration Centre is being equipped to meet 
these accuracy requirements while handling the increasing 
calibration workload. 

The fundamental system of electrical measurement now 
employed in the United States uses absolute units, that is, 
units derived from the fundamental units of length, mass, 
and time—the meter, kilogram, and second. Basic to the 
absolute system of electrical units are the absolute ohm and 
the absolute ampere. The absolute ohm is derived from the 
absolute henry, based on an inductor of accurately known 
dimensions. The absolute ampere is established in terms of 
the magnetic force on an accurately dimensioned current- 
carrying coil, measured with a current balance. These basic 
standards are maintained in the Bureau's laboratories in 
Washington, D.C. 

Other units, such as the watt and the kilowatt hour, are 
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obtained by combining these units and by extending the scale 
of measurement. The units then are transferred to higher 
frequencies by appropriate techniques. 

Services offered by the Calibration Centre cover three 
broad frequency ranges: (1) low-frequency (zero frequency 
through about 30 kc); (2) high-frequency (30 ke through 
about 300 Mc); and (3) microwave (above 300 Mc). 

Somewhat more than half of the initial instrumentation 
programme has been completed, and the Centre is now able 
to provide the most urgently needed services. Additional 
standards and instrumentation, beyond the present pro- 
gramme, will be required in the future to replace those made 
obsolete by technological advances and to extend the 
capabilities of the Centre as new calibration requirements 
arise. The eventual goal is to measure and standardize in the 
Centre all electronic quantities for which there is a substantial 
calibration need. Calibrations required only infrequently 
may often be obtained elsewhere in the Bureau. 


Construction Features of the New Wing 
The importance of proper environment for precision measure- 
ment operations is widely recognized. A well-lighted area 
that is free of mechanical vibration and shielded against 
radio and other electrical interference, that has regulated and 
well-filtered power lines and dust-free air of controlled tem- 
perature and humidity, is essential to calibration work where 
the primary standards are concerned. All of these features 
have been incorporated into the new wing. In addition, nearly 
all the electrical equipment has been installed in consoles, for 
the convenience of the operating personnel and for the 
protection of the sensitive equipment. Incorporating all the 
latest technological advances, this laboratory could well 
serve as a model for standardizing laboratories throughout 
the world. 

The new wing which houses the Centre is approximately 
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the wing is single-storey, made of concrete supported by 
caissons on the bedrock to provide a vibration-free structure. 
In addition, blocks of concrete set in beds of sand beneath 
the building provide steady foundations for mounting 
sensitive instruments. 

Eleven of the rooms are completely shielded with copper 
foil; special attention has been given to doors, dust open- 
ings, and ceiling light fixtures. Electrical power lines brought 
into the rooms are filtered and regulated, and carried in 
metallic conduits. 

High-capacity air-conditioning equipment filters the dust 
from the air, and holds the temperature and humidity within 
close limits. 


Low-frequency Region 

In the low-frequency region (0 to 30 kc) the Electronic 
Calibration Centre provides calibrations for such electrical 
standards as resistors, bridges, potentiometers, inductors, 
capacitors, standard cells, electrical instruments, ratio 
devices, and instrument transformers. These calibration 
services previously have been available only through the NBS 
Electricity and Electronics Division in Washington. They will 
continue to be available there as well as in Boulder and in 
some cases over considerably wider ranges. In either location 
calibrations will be made in terms of the national primary 
standards. In general, identical calibration accuracies will be 
achieved, and hence the decision to send a standard to 
Washington or to Boulder may be made on the basis of 
convenience. 

Resistance Standards.—The Bureau maintains the unit of 
resistance at its Washington laboratories by means of a 
group of 10 extremely accurate, sealed double-wall l-ohm 
standard resistors. Resistors of this type, compared fre- 
quently with the primary reference group, also form the 
basis of measurements made in the Electronic Calibration 
Centre. It is expected that some of these resistors will become 
a part of the primary group. The resistance calibration ser- 
vices provided by the Centre are limited to high or moderately 
high-precision apparatus. 

A Wenner bridge is used for calibrating standard resistors. 
This bridge incorporates a thermostatically regulated oil bath 
for maintaining the bridge and the resistors under test at a 
constant known temperature. It employs a direct-reading 
ratio set to compare resistors with known standards by 
either a Kelvin double bridge or a Wheatstone bridge. 
Resistance comparisons, using the Wenner bridge, can be 
made to one part in ten million under optimum conditions. 

The components of bridges and resistance boxes are 
calibrated with known standard resistors by use of a direct- 
reading ratio set. Potentiometers are calibrated with a 
Universal ratio set. With this device the ratio of the potentio- 
meter emf-dial resistance to the standard-cell-dial resistance 
is determined for all settings of the emf and standard-cell 
dials. 

Inductance Standards.—Stable standards of self-inductance 
are used as components of a.c. bridges and other circuits 
employed in impedance measurements. Such inductors 
ordinarily are used at fixed frequencies, usually 100, 400, or 
1,000 c.p.s. Because inductance standards are employed in 
bridge circuits where the current in the inductor is not 
accurately known, it is of greatest importance that the current 
coefficient of inductance be practically zero. This probably 
precludes the use of inductors having metal or metal powder 
cores as standards. 

An ‘equal substitution’ method using a Maxwell-Wien 
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Fig. 2. A group of extremely accurate, sealed double-wall 1- 

ohm standard resistors form the basis for resistance measure- 

ments. The Wenner bridge shown here is used for calibrating 
these resistors. 


bridge is now employed in the Centre. Three groups of 
calibrated inductors serve as standards. They can be inter- 
compared frequently to detect relative drifts or changes. One 
group is calibrated periodically against the national standards 
of capacitance and resistance. It is anticipated that a precision 
Maxwell-Wien bridge will be constructed at the Centre to 
measure a wider range of inductances and to double-check 
the stability of the standards. 

Capacitance Standards.—Fixed capacitors, with air di- 
electric for low values of capacitance and mica dielectric for 
higher values, are used as components of a.c. bridges, as 
standards for the external calibration of bridges, and for the 
calibration of other standards by substitution techniques. 
Three-terminal capacitors are useful in certain types of 
bridges and in other measurement circuits w here the direct 
capacitance is of importance. More often, three-terminal 
capacitors are used simply as two-terminal capacitors, with 
the case connected to one of the capacitance terminals. The 
Centre is equipped to calibrate either type and can occasionally 
provide approximate conductance values where needed. 

Equipment for calibrating capacitors consists of a capaci- 
tance bridge having internal capacitance standards which 
are, in turn, calibrated by step-up procedures using standard 
capacitors. Three groups of standard capacitors are available 
for intercomparison to detect relative drifts or changes. One 
group is calibrated periodically in terms of the national 
standard of capacitance. 

Standard Cells.—Weston type cadmium standard cells are 
of two general classes: (1) saturated cells, used principally for 
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reference standards of electromotive force; and (2) unsatu- 
rated cells, used chiefly as working standards of electro- 
motive force 

The Centre is prepared to calibrate both types. With a 
microvolt potentiometer, they are compared directly to the 
saturated standard cells. These cells are compared periodi- 
cally with the group of saturated cells which the Bureau uses 
to maintain the unit of electromotive force. 

Because saturated cells have a temperature coefficient of 
about 50 uV/°C., the temperature at which they are cali- 
brated must be very closely regulated. At present, facilities 
include temperature-controlled air baths which are constant 
within a few hundredths of a deg. C. Consequently, the emf 
of standard cells can be measured with a precision of about 
2 uV and can be certified to an accuracy of 0-001 per cent. 
The installation of a temperature-controlled oil bath will 
provide even greater accuracy. 

Unsaturated standard cells have rather low temperature 
coefficients of approximately 5 uV/°C. Consequently, 
temperature control is not nearly as important as for 
saturated cells. Results of calibration of unsaturated cells 
normally are given to 10 uV, and the cells are certified to 0-01 
per cent. 

Electrical Instruments.—Indicating instruments are essen- 
tial to the measurement of electrical quantities. Sometimes 
they are employed as reference instruments exclusively for 
calibrating other instruments; more often they are used as 
direct-reading working instruments. The Centre is prepared 
to calibrate those used as reference instruments in the 0-5 
per cent accuracy class or better. 

For the d.c. calibration of electrical instruments (ammeters, 
voltmeters, and wattmeters), the basic standards are the 
standard cells and resistors, and the basic standard measuring 
apparatus is a potentiometer. The corrections for the stan- 
dards are known and applied to obtain measurements of the 
highest accuracy. 

Transformers.—The Centre is equipped for calibration at 
60 c.p.s. of current transformers having 5 amp secondary 
windings and primary current ranges of 0-1 to 4,000 amp, 
and voltage transformers having 110 to 120 V secondary 
windings and primary-to-secondary voltage ratios of | to 
120. At some future time, the Centre expects to do most of 
these calibrations also at a frequency of 400 c.p.s. 

Other Standards.—Other standards which can be cali- 
brated include standard resistors for current measurements 
and voltboxes. Certain other ratio devices can be calibrated 
as the occasion arises. 

No provisions have been made for calibrating watthour 
meters. At the present time, these are calibrated only at the 
Washington laboratories. Facilities for these and for other 
types of standards in the fields of electrical current, voltage, 
power, and energy may be added if the demand is great 
enough. 


High-frequency Region 

In the high-frequency region (30 kc to 300 Mc) the Centre is 
being equipped initially to calibrate standards of voltage 
(unbalanced), power, impedance, attenuation, and field 
strength. These standards are limited at present to those 
designed for continuous-wave measurements. 

For each of the quantities to be measured, stable cw 
sources of high-frequency power and stable detectors or 
indicators are required. To achieve the desired frequency 
stability of the calibration system, crystal-controlled power 
sources and receivers are used wherever possible. In addition 
to good frequency stability and waveform, the sources must 
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have very nearly constant power output. Power-stabilization 
circuitry has been developed that will hold constant the 
power output to better than 0-1 per cent over long periods of 
time. Crystal-controlled superheterodyne receivers serve as 
monitors or detectors to give comparable frequency stability 
and to provide the necessary sensitivity. Most of the high- 
frequency instrumentation has been assembled in console 
form. 

For most quantities calibration services are planned 
primarily for the nine fixed frequencies of 30, 100, and 300 
ke, and 1, 3, 10, 30, 100, and 300 Mc. Other frequencies will 
be available for some quantities. In addition to the fixed 
frequency apparatus, continuous frequency coverage is being 
provided wherever feasible. However, this equipment will be 
less stable and less accurate. 

High-Frequency Voltage.—The instrumentation for high- 
frequency voltage calibration consists of stable transfer 
standards which operate over the desired range of voltages 
and frequencies. The range of voltage to be covered by 
presently planned equipment is from | uV to several hundred 
volts, and the frequency range is from 30 ke to 700 Mc 
(later to 1,000 Mc) at 13 fixed frequencies. The top limit of 
the voltage range will be lower at the higher frequencies. 

Voltage levels of 0-2 V and higher are covered by the 
voltmeter calibration consoles. The transfer standards used 
in these consoles are attenuator-thermoelement (AT) volt- 
meters. The attenuators are of the dissipative, capacitive, or 
waveguide-below-cut-off type. Dissipative attenuators are 
used at voltage levels up to 20 V. Above this level the power 
requirements are so great that this type of attenuator is not 
practical. For higher voltage levels capacitive attenuators 
are used at the lower frequencies and waveguide-below-cut- 
off attenuators at the higher frequencies. The AT voltmeters 
have been provided with a mount which permits a very short 
lead length between the standard and the meter under calibra- 
tion. This mount is so constructed that any type of voltmeter 
can be connected by means of a simple adapter. 

Employed in the voltmeter calibration consoles are fully 
shielded, stable, crystal-controlled sources. The consoles 
contain protective circuits that prevent overloading and 
consequent change in calibration of the standard voltmeters. 
These meters are calibrated in terms of the national standard 
of high-frequency voltage and provide a calibration accuracy 
of approximately 3 per cent. 

Voltages from | uV to 0-1 V will be covered by the micro- 
volt calibration console. The transfer standard used in this 
console is the rf micropotentiometer, consisting of a coaxial 
rf resistor and a thermoelement. The thermoelement indicates 
the current through the resistor, and therefore the voltage 
across it. The resistors vary from | milliohm to | ohm to 
cover the voltage range. These resistors and thermoelements 
are so constructed that their response is essentially uniform 
over the required frequency range. Power from the rf sources 
in the voltmeter calibration console will be used also for the 
microvolt calibration console. A series of very sensitive fixed 
frequency receivers, adjusted to have an input impedance of 
50 ohms, transfers the reference voltage level from the 
micropotentiometer to an instrument undergoing calibra- 
tion. The expected accuracy of calibration for the lower 
frequencies is + 5 per cent for the range 1 to 10 uV and + 3 
per cent for the range 10 uV to 0-2 V. The accuracy will 
decrease as the frequency increases. 

High-Frequency Power.—Three instruments provide high- 
frequency power calibration over a wide range of power 
levels: a thermistor bridge, a dry, static calorimeter, and a 
liquid-flow calorimeter. These three instruments offer a 
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Fig. 3. An Anthony-pattern Wheatstone bridge from the Army's 
Rocket and Guided Missile Agency at Redstone Arsenal is 
shown in the process of calibration at the new Centre. 


convenient means of establishing high-frequency power 
levels and for calibrating feed-through wattmeters. 

The thermistor bridge is an equal-arm Wheatstone bridge 
with a thermistor in one arm. Power levels up to 100 mw 
can be measured over the frequency range 30 ke to 300 Mc 
with an accuracy of 0:5 per cent. This accuracy limitation is 
due to substitution error and mount efficiency considerations 
rather than to the bridge instrumentation itself. The accuracy 
is reduced to about 5 per cent as the minimum power level of 
0-1 mw is approached. 

With calibrated attenuators and directional couplers, the 
range of the bridge can be extended to 100 watts in the 100 
to 3,000 Mc region. However, under these conditions the 
overall accuracy of the apparatus is somewhat reduced. 

The dry, static calorimeter consists of a special 50-ohm 
disc-type load resistor surrounded by a thick aluminium case. 
The load resistor has a very low temperature coefficient of 
resistance and provides a VSWR less than 1-20 for fre- 
quencies below 300 Mc. It is heated by applying rf power, 
and its temperature is indicated by the emf from a 50- 
junction thermopile. The temperature of the aluminium case 
is kept constant to 0:002°C. by a refrigeration unit and an 
electronically controlled heater cycling circuit. After equili- 
brium has been attained, the thermal emf is measured with a 
precision d.c. potentiometer. 

The thermal emf is calibrated in terms of applied de power. 
Over the frequency range 0 to 300 Mc the overall accuracy is 
1 per cent for the power range of 20 mw to 12 w. 

Nearing completion is a liquid flow calorimeter that is 
expected to be accuratejto | per cent overa range of 10 to350w 
at frequencies from 0 to 1,000 Mc. It measures the tem- 
perature rise of oil flowing past a load resistor. This tempera- 
ture rise is monitored with a 10-junction integrating thermo- 
pile. A precision d.c. potentiometer measures the thermal 
emf, and a calibrated flow meter measures the oil flow rate. 
An absolute calibration also can be made by determining the 
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specific heat of the oil and making an independent calibra- 
tion of the thermopile emf as a function of temperature 
difference. 

High-Frequency Impedance.—The standards of high- 
frequency resistance, inductance, and capacitance consist of 
stable components housed in shielded mounts. These stan- 
dards are calibrated in terms of the national standard of high- 
frequency capacitance using susceptance variation techni- 
ques. The mounts have a special coaxial connector which 
mates with those on the impedance bridges used in the 
Centre. This standardized connector was designed to provide 
a clearly defined reference plane and to minimize the effects 
of discontinuities in the connection, thus giving the standard 
a unique value. Such a connector reduces the loss of accuracy 
in transferring the value of the standard to any instrument 
with which it is to be used. 

The values of the present set of standards range from | to 
100,000 uuf for capacitance, 0-01 to 10,000 uh for inductance, 
and | to 100,000 ohms for resistance, with nominal values of 
1, 2, or 5 times appropriate multiples of 10. These comprise 
a set of about 51 units, plus special mounts for combining 
units to obtain complex impedances. 

The major portion of the impedance calibration services 
ultimately will be provided through the use of 18 bridges, 
each contained in a separate console and provided with its 
own individual exciter and detector. These bridges will 
consist of an impedance and an admittance bridge for each 
of nine fixed frequencies. The design goal is to provide a 
direct reading accuracy of 0-1 per cent. 

Four general-coverage bridges have been provided for 
interim use during the construction of the 18 fixed-frequency 


Fig. 4. Calibrating a decade capacitor at audio frequencies, 
using a capacitor bridge. 








bridges and also for calibrations at frequencies other than 
those covered by the fixed-frequency instruments. 

High Frequency Attenuation—To meet present-day 
accuracy requirements for high-frequency attenuator 
calibrations, complicated instrumentation designed and 
adjusted for a single, fixed operating frequency is usually 
required. The fixed frequencies chosen by the Bureau meet 
the great majority of requirements, as determined by 
analysis of calibration requests over the past few years. 

A recent development programme has produced a superior 
waveguide-below-cut-off attenuator which extends the 
available calibration accuracy well beyond that of previous 
standards. Attenuators of this type will be used as attenua- 
tion standards. These are being incorporated into special 
calibration consoles, using a two-channel, null detection, 
direct substitution measurement system. Pending completion 
of this instrumentation, a limited calibration service is being 
maintained using other equipment. . 

High Frequency Field Strength—The Centre offers a 
calibration service for field strength meters in the frequency 
range from 30 c.p.s. to 300 Mc. The overall linearity of the 
instrument, the internal attenuator ratios, and the antenna 
coefficients can be measured, and the instrument can also be 
calibrated as a two-terminal rf voltmeter. All calibrations are 
made in terms of sinusoidal voltages and currents. The 
instrumentation used for this work is continuously tunable 
over the radio part of the stated above frequency range. 

The attenuator ratios and the overall linearity of the field 
strength meter are measured in terms of precision dissipative 
coaxial step-type attenuators, calibrated against a standard 
waveguide-below-cut-off attenuator. Field strength meters 
using either loop or dipole antennas can be calibrated. 


Microwave Region 

Microwave facilities are being provided to measure attenua- 
tion, power, frequency, and impedance. The frequency range 
to be covered extends from 300 to 40,000 Mc for attenuation, 
power and impedance calibrations, and to 75,000 Mc for 
frequency calibrations. For components utilizing standard 
? in. rigid coaxial terminals with standard Type N connectors, 
calibrations will be made over the frequency range from 300 
to 4,000 Mc. For components utilizing standard rigid 
rectangular waveguide terminals with standard waveguide 
connectors or flanges, calibrations will be made over the 
frequency range 2,600 to 40,000 Mc, and up to 75,000 Mc for 
frequency calibrations. 

Microwave Attenuation.—Attenuatorsare usually calibrated 
by the I-F substitution method. 

Due to limitations in the linearity of the frequency con- 
version process, attentuation values above about 40 db are 
measured by the direct substitution method. In this method, 
microwave attenuators previously calibrated by the I-F 
substitution method are connected in series with the unknown 
and are used to determine its attenuation. 

Microwave Power.—Microwave power calibrations are 
made by comparing an unknown bolometer with a calibrated 
standard bolometer. In this method, stabilized continuous- 
wave power of a single frequency and constant level is fed 
into transmission-line terminals connected to the standard 
bolometer or to an unknown bolometer. Both the standard 
and unknown bolometers are considered as complete units 
consisting of a bolometer element in a suitable mount with a 
single pair of rf transmission-line terminals available for 
connection to the system. 

A measurement, at the same frequency, of the reflection 
coefficient of an unknown bolometer is used to determine the 
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reflected power. This, in conjunction with the previous 
measurement, can be used to determine the actual power 
absorbed by the bolometer, and hence, its efficiency. 

The standard bolometers have been carefully designed, 
fabricated, elevated for all known errors, and calibrated in a 
microcalorimeter. All calibrations made by the Centre are in 
terms of these bolometers. Different standard bolometers are 
used for each transmission line size. 

Microwave Frequency.—Frequency measurements for 
calibration purposes are made by direct comparison of the 
resonant frequency of a wavemeter cavity with the frequency 
of an accurately known signal (marker frequency). The basic 
reference standard for frequency measurements is a 100 kc 
signal obtained directly from the national standard of 
frequency. The 100 ke signal is multiplied through harmonic 
generation in conventional vacuum tubes and klystrons to 
provide several low-and high-frequency marker signals. 
These frequency marker signals become the references used 
in calibrating cavity wavemeters. 

Microwave Impedance.—At present microwave impedance 
calibrations are not available at the Centre. However, results 
of recent research in the Radio Standards Laboratory point 
the way to a calibration service, initially at X-band, and work 
has begun on implementing this service. 


British Glass Research 

(Continued from page 345) 

researches on the ultimate strength of glass, and the factors 
which prevent it being achieved in practice, are also being 
carried out by the Physics Section. 

The Refractories Section are engaged in researches to 
improve the life of refractory materials used for building 
furnaces. In doing this it is necessary to devise laboratory 
methods of accelerating the corrosion and erosion of re- 
fractories, preferably without exaggerating any one of the 
many types of wear which occur. One of the many problems 
is the very different types of wear which do occur, and re- 
searches are needed for improving the refractories used in 
recuperators. 

Several Sections are carrying Out work to improve the 
control which can be exercised over the glass making process. 
For example, the Chemistry Section have already introduced 
methods of chemical analysis which enable some results to be 
obtained in a matter of hours instead of days. The Furnace 
Section have devised an empirical method of assessing the 
efficiency of tank furnaces and their work in this field has 
necessarily had to be carried out in members’ works. 

The Physics Section have devised an automatic apparatus 
for plotting the thermal expansion of glass. This measure- 
ment normally takes five yours to complete and in the past 
has needed constant attention by an operator who controlled 
the rise of temperature and recorded the expansion every 
four minutes. The new equipment will plot the curve auto- 
matically and thus free skilled man-power. 

Many investigations of members’ difficulties are carried 
out in the laboratories, ranging from the identification of 
defects in glass to the statistical study of the occasions on 
which faults occur. Many different ‘tools’ may be needed to 
study them, including the use of X-rays. 

The Work Study Section use many techniques for im- 
proving the efficiency with which jobs can be carried out, 
and one of particular interest is the *Memomotion’ technique 
of cinematography. Ordinary 16 mm. films of operations 
use 25 ft. of film every minute, costing some 15s. The 
Memomotion equipment takes a picture every second and 
thus uses only one-sixteenth of the normal amount of film. 
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Without Comment 
(From *The British Chemist’) 

‘Applications for employment are ex- 
pected by the applicant to be treated as 
confidential, and in most cases this is 
respected. A remarkable case has been 
brought to my notice, however, in 
which one very large company used 12- 
year old applications for employment as 
scrap paper. By a remarkable chance, 
one user of this scrap paper came across 
an old application made by a chemist 
with whom he was acquainted, and 
pointed it out to a colleague, who, 
shortly afterwards made an application 
for employment to another firm. This 
was dealt with by the original applicant 
for employment, now in a senior position 
elsewhere. 

In this case, the coincidence was 
treated in an amusing light. !n other 
circumstances the consequences might 
have been more serious. I trust that 
every chemical or other firm will take 
reasonable care that applications are 
treated with proper confidence. Inciden- 
tally, the firm concerned has a consider- 
able B.A.C. membership.’ 


F.1.C.C.LA. Meeting in London 


Readers of this page will no doubt 
recall that references have been made 
from time to time to the Fédération 
Internationale des Cadres de la Chimie 
et des Industries Annexes (F.1.C.C.1.A.). 
This body is a federation of chemical 
professional associations in France, 
West Germany, Italy, Switzerland and 
Great Britain (the British Association of 
Chemists is the British association 
concerned). It is entirely non-political 
and its objects are the protection of the 
economic interests of the chemical 
professional men who are members of 
its constituent bodies, and the promotion 
of international amity. 

The Comité Directeur of F.1.C.C.1.A. 
is its Management Committee and it 
meets normally twice a year. These 
meetings have been held several times 
in Paris, and in addition in Baden- 

Baden, Geneva and Rome. The Comite 
Directeur has for some time looked 
forward to holding one of its meetings 
in London. It has now, to the great 
pleasure of all concerned, been possible 
to arrange for this for the first time, and 
the dates chosen were Saturday and 
Sunday, October 3 and 4, 1959 with a 
possible extension to Monday. It is 
hoped to be able to give some account 
of the proceedings in the next issue of 
‘Laboratory Practice’. 


News from the British Association of Chemists 





Advantages of Membership of the 

Minimum Salary Scales. 

Free Legal Advice on Professional 
Matters. 

Appointments Service. 

Unemployment Benefit. 

Negotiations with Employers. 

Group Scheme for Private Medi- 
cal Treatment. 

Certain advantages in connection 
with Insurance. 

Trading Scheme. 

Benevolent Fund. 

Lectures, Discussions and Social 
Functions, 











F.L.C.C.LA. is itself a member of the 
Confédération Internationale des Cadres 
(C.1.C.) which is a federation of profes- 
sional associations of various kinds 
situated in most countries of Western 
Europe. 

The C.L.C. is recognized by the 
International Labour Organization and 
Dr. Ferrero, of Switzerland, who is 
President of F.I.C.C.1A., was the 
official representative of the C.I.C. at 
the I.L.O. Conference at Geneva in June 
this year. This Conference dealt largely 
with matters concerning the professional 
man and the two resolutions put forward 
there by the C.I.C. both originated from 
F.L.C.C.1.A. We look forward with great 
interest to hearing perhaps some in- 
formal account of this Conference from 
Dr. Ferrero, although he will of course 
not be able to anticipate any official 
publication. 


Honours List 


It is with very great pleasure that we 
record the award of the M.B.E. in the 
Birthday Honours List, to Mr. Fred 
Scholefield, M.Sc. Mr. Scholefield was 
President of the B.A.C. in 1928-30 and 
1952-54 and has been a member since 
1918. 


Service Agreements 


Members of the B.A.C. are entitled to 
submit any service agreement which they 
may be called upon to sign to the 
Association’s legal advisers for examina- 
tion, and there is no charge for this 
service. On several occasions recently 
members have found themselves dis- 
satisfied with existing service agreements 
and have approached the B.A.C. for 





assistance. It has had to be pointed out 
to them that once such an agreement has 
been signed it remains effective except in 
so far as it may be legally unenforceable. 
The time for securing alterations is 
before the agreement is signed. 


Legal Advice 


There have been two cases recently in 
which senior chemists with over 20 years 
service with their firms have been con- 
fronted with a demand for their resigna- 
tions on short notice. Both these mem- 
bers have been put in touch with the 
Association’s legal advisers who are 
looking into the matter on their behalf, 
and the members are receiving this 
assistance free of charge under the 
B.A.C.’s Legal Advice Service. 


Personal 


Mr. C. H. Bowyer, B.Sc., F.R.L.C., has 
been appointed manager of the Inven- 
tions and Patents Department, Dunlop 
Rubber Co. Ltd. 


Dr. R. N. Cunningham, B.Sc., M.Sc., 
F.R.LC., has taken up an appointment 
as a chemist in the State Laboratories, 
Melbourne, N.S.W., Australia. 


* 


Mr. R. J. Wilkins, B.Sc., F.R.1.C., 
A.M.LLA., F.C.S., took up an appoint- 
ment at the end of last year as a senior 
research chemist in the Research and 
Development Division of British Cello- 
phane Ltd. 


News from the Sections 





Birmingham & W M 
The following officers, etc. have been 
elected for 1959/60: 
C. H. Bowyer, Esq., 
B.Sc., F.R.1.C., A.C.LP.A, 
J. R. Leech, Esq., 3.P 
E. C. S. Esher, Esq. 
F. A. Oliver, Esq., 
B.Sc., F.R.I.C., A.C.T. 
(BIRM.) 
Dr. J. E. Gregory, 
H. T. Candy, Esq., 
W. E. Evans, Esq., 
K. L. Nicholson, Esq., 
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NEW method for connecting PVC, 

plastic and rubber type tubing to 
medical equipment and apparatus has 
been recently developed in one of Great 
Britain’s hospitals. Instead of wiring 
the hose on to the fittings, which fre- 
quently caused leaking connections, a 
clip is used now that requires only three 
seconds to fit. 

This metal clip, known as the *O-Clip’, 
is supplied by Matchless Machines Ltd., 
London, agent for manufacturer Hans 
Oetiker, Horgen, Switzerland. 

One of the outstanding examples for 
the use of this new fitting method on 
medical equipment is the Melrose 
N.E.P. heart and lung machine. This 
machine is intended for use in operations 
on a patient suffering from a severe 
cardiac condition—usually referred to 
as ‘hole-in-the-heart’ operations. Such 
Operations were considered quite im- 
possible only a few years ago, because the 
functions of the heart and lungs could 
not be simulated. The Melrose heart 
and lung machine makes possible the by- 
passing of heart and lungs, and enables 
the operating surgeon to work on a heart 
which is bloodless, clear and stopped. 

After every operation the machine 
has to be fully sterilized. It is found 
more convenient to fit new PVC 
tubing every time, as successful steriliza- 
tion of the tubing is a long and trouble- 
some process. This means that after 
every operation about 24 connections 
have to be made, the use of the O-Clip, 
therefore, saves a considerable amount 
of time. 


Laboratory Note-Book 





The E.1.L. titromatic analyser installed 

by Schweppes at their Hendon bottling 

plant for maintaining precisely the ratio 

of concentrate to water in the preparation 
of Tonic Water. 


Bek 


Left: General view of the Melrose-N.E.P. heart and lung machine which replaces 
the functions of the heart and lungs, so the patient’s heart is stopped and bloodless 
during the operation. 
Right: Close-up of the Melrose machine. Flexible tubing which has to be re- 
placed after each operation for hygienic reasons is secured by the O-Clip hose clip 
instead of wiring the hose on to the fittings. 
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Electronic Tonic 


Tonic Water is probably the most 
internationally accepted mineral water 
in the world, both as a drink on its own 
and when mixed with spirits and other 
alcoholic beverages. One of the prob- 
lems in its preparation is to maintain 
precisely the ratio of concentrate to 
water and to this end Schweppes have 
recently installed an E.I.L. titromatic 
analyser in their bottling plant at 
Hendon. 

This apparatus, designed and made 
by Electronic Instruments Ltd., auto- 
matically and continuously monitors 
the final stages of manufacture by 
taking periodic samples from the 
production line and titrating these to a 
pre-set end-point. Thus not only is the 
laboratory staff spared a tedious and 
time consuming operation, but a 
continuous graphic record of the tonic 
water stream is provided and im- 
mediate warning is given if changes in 
concentration occur. 

The titromatic analyser is housed in 
two modern styled pedestal cabinets, 
which are hermetically sealed against 
humidity or fumes. One cabinet houses 
the chemical glassware which includes 
the sampling and titrating unit, while 
the other encloses the electronic control 
and recording equipment. The titro- 
matic analyser is so flexible that it can 
be adapted to suit almost any plant 
conditions including titrating to single 
or double end-points and this applica- 
tion is a typical example of its use in the 
food manufacturing industry. 
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EQUIPMENT & APPLIANCES 





The Tempunit 


A new model of the combined thermostat 
and heater known as the Tempunit is 
now being produced. This uses the same 
system of control as previous models, 
based on a vacuum assisted by a servo- 
mechanism, temperature control being 
effected by a bi-metallic helix, which 
enables the instrument to control liquid 
baths within + 0-05° C. at any tempera- 
ture between 15° C. and 95° C., and 
although much improved in design it is 
still being sold at £22. 10s. Od. 

The most startling innovation in this 
structurally much modified instrument, 
is the technique evolved for temperature 
setting, which increases the accuracy of 
this operation by four or five times more 
than in previous models. In addition to 
improving the mechanical design, much 
thought has been given to simplifying 
the construction of the instrument, so 
that the periodic maintenance (which 
any instrument needs) can be carried 
out by the user, if he so wishes, with the 
absolute minimum effort. The Service 
Department of the manufacturers is 
always at the disposal of customers, 
however, and the company is willing 
to carry out periodic maintenance on 
their instruments at any time during 
their life. A small charge is made for 
this servicing after the guarantee period 
has expired, but this is even competitive 
with the users’ own maintenance 


department. 





A new model of the Tempunit. 
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With this new model Tempunit the 
company are producing a stainless steel 
bath 18 in. x 8} in. x 84 in. for the 
benefit of those customers who desire a 
special bath for use with their Tempunit, 
or wish to replace existing baths. This 
vessel can be equipped with two sizes 
of adjustable tray which can be hung in 
the bath at the height most convenient 
to the user for the test he is conducting. 
The stainless steel inner part of the bath 
is enclosed in a specially treated wood 
outer case and at a price of £8. 15s. Od. 
is considered an economical purchase. 
The adjustable trays also in stainless 
steel are supplied at £2 and £2. 10s. Od. 
each. 

(Manufacturers: Techne (Cambridge) 
Ltd., Duxford, Cambridge.) 


Experimental Refrigeration 
Plant 
The plant which uses methyl chloride 
refrigerant has been designed for us in 
the thermodynamics laboratories and 
experimental workshops of technical 
Colleges and Colleges of Further Educa- 
tion. It contains all the equipment 
necessary to allow demonstrations to be 
given to students of the practical working 


of modern refrigeration machines, which 
make use of the vapour compression 
cycle. 

The plant is safe and simple to operate, 
and embodies a full range of instruments, 
gauges, thermometers, etc. so_ that 
students under competent instruction 
may carry out various experiments to 
study the thermodynamic principles 
involved in its operation. Many experi- 
ments may be carried out, for example: 

Power input 

Power output 

Efficiency—work 

compressor 

H.P. per ton refrigeration at varying 

suction and condensing pressures 

Capacity control by variable speed 

Indicator card analysis; comparison 

with ideal adiabatic compression 
curve of the Carnot cycle 

Temperature/entropy diagrams 

Pressure/enthalpy diagrams 

Coefficient of performance 

Refrigeration capacity of the plant at 

different evaporating and conden- 
sing conditions 

Volumetric efficiency 

Compression ratio 

Heat transfer 

Valve action, leakage, wire-drawing 

Heat of compression 

Suction super-heat 

Ice formation, freezing time, etc. 

Thermostatic expansion valve opera- 

tion 

Brine properties; insulation 

Several of these plants have been 
supplied to technical colleges for use in 
their teaching laboratories. 
(Manufacturers: Deacon Matthews Ltd. 
formerly Pulsometer (Refrigeration) Co. 
Ltd., 111/113 Armour Road, Tilehurst, 
Reading, Berkshire.) 


expended on the 
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Experimental refrigeration plant using methyl chloride refrigerant. 




















Resistance-Capacitance 
Box 


A new instrument incorporating in- 
dependently adjustable resistance and 
capacitance ranges in one unit is now 
available. Previously resistance boxes 
and capacitance boxes have not generally 
been combined, but have been separate 
units of equipment. This combined unit 
will be especially useful in those 
laboratories and other establishments 
where bench space is at a premium. The 
general purpose laboratory box in- 
corporates the following ranges: capaci- 
tance 0-1 mF steps, 0-01 mF steps, and 
0-001 mF steps; resistance 100K ohm 
steps, 1OK ohm steps, 1K ohm steps, 
and 100 ohm steps. Other models are 
available to customers’ orders with 
overall variations of: capacitance from 
1 mF steps down to 100 pF steps and 
resistance from 1M ohm steps down to 
1 ohm = steps. Various component 
tolerances are also available which do, 
of course, affect the cost of the instru- 
ment, as do the types of dielectric 
available. Normally Polystyrene capaci- 
tors of 1 per cent tolerance are used 
although silvered mica is available to 
special order. Paper capacitors have to 
be used for the | mF range due to size 
limitations, so here the tolerance cannot 
be guaranteed to better than 10 per cent 
over a long period. However, a short 
term stability of 1 per cent is possible to 
special order. The between steps error 
on the 100 pF range is | per cent, 
although there may be a zero error of 
10 per cent due to wiring stray capacit- 
ance. 

All capacitors are normally 350 volt 
working and resistors are 4 watt rated. 
Other voltage and power ratings can be 
supplied if required. 

An electrostatic screen between the 
two halves of the box ensures complete 
independence of the separate circuits. 
This screen is brought out to the earthing 
terminal of the box. 

The price for the standard box is 
approximately £18 depending on require- 
ments. 

(Manufacturers: R. E. Thompson & Co. 
(Instruments) Ltd., Hersham Trading 
Estate, Walton-on-Thames, Surrey.) 
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Recording Spectrophoto- 
meter 


Beckman Instruments Incorporated have 
now announced the details of their 
Model IR-7 prism-grating infra-red 
recording spectrophotometer. With an 
automatic continuous scan from 650 
em.*! to 4,000 cm.~' this instrument 
brings to the chemist and spectroscopist 
excellent resolution, reliability and flexi- 
bility in the field of commercially 
produced spectrophotometers. Incor- 
porating a Bausch and Lomb ‘Certified 
Precision’ 64 x 64 mm. grating, the 
instrument gives a resolution of 0-3 
cm.~! at 1,000 cm.-', with a frequency 
accuracy of 2:0 cm.-!. It may be used 
either with double beam or single beam 
operation, and in the latter case absolute 
percentage transmittance accuracy is 
within — 0-2 per cent. Stray radiation is 
less than 0-1 per cent at the 700 cm-! 
polystyrene band using NaCl optics. 
Design has allowed for accurate control 
of a very wide range of parameters, and 
presentation is on a_ horizontal flat 
chart, which keeps the complete pen 
trace in view over the whole scan. A 
large area sample compartment permits 
accommodation of special sample hand- 
ling equipment. Special attachments are 
available for linear absorbance recording, 
chart ordinate expansion and auxiliary 
recording. Of particular interest is the 
built-in repetitive scanning device for 
study of reaction dynamics. A new 
patented slit system allows really accurate 
and reliable programming, and a special 
Beckman-designed thermocouple de- 
tector (with low mass gold-foil element 
and integral precision lens) produces 
very rapid response with low noise level. 
(U.K. Agents: A. Gallenkamp & Co. 
Ltd., Sun Street, London, E.C.2.) 
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Oscilloscope Record 
Cameras 


These oscilloscope record cameras(Types 
299 and 302) are specially designed for 
photographing cathode-ray phenomena 
where single frame recordings of 
Stationary patterns or single-transients 
are required. 

The Type 299 camera is supplied with 
either an f/1-9 or an f/2-8 lens (depending 
on order). The maximum writing rate 
with the f/1-9 lens is approximately 80 
inches per microsecond, and 40 inches 
per microsecond with the f/2-8 lens. 

The Type 302 camera is also supplied 
with either the f/1-9 or the f/2-8 lens, but 
utilizes the ‘Polaroid Land Model 95 
Camera Back’, enabling pictures to be 
made in one minute, and eliminates 
processing time in the dark room. 

Data may be recorded directly on the 
print by writing the appropriate informa- 
tion on the data card or window 
included on the camera, and double- 
exposing the writing on the film. 

(Sole United Kingdom Distributors 
Leland Instruments Limited, Abbey 
House, Victoria Street, London, S.W.1.) 





The prism- 
grating infra-red 
recording spectro- 
photometer. 
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The B.T.L. titration stand. 


Titration Stand 
The B.T.L. titration stand (for six 
burettes) has been redesigned, and now 
comprises a rotatable spider to hold the 


burettes and feeder tubes, mounted on a, 


vertical stainless steel rod which is 
fitted to a tripod base with rubber feet. 
The three legs fit into a collar round the 
vertical rod, the rod and legs being held 
in place by Allen screws. The height of 
the rod can be adjusted and a suitable 
Allen key for assembly and adjustment 
is provided with the stand. The spider 
has six pairs of arms, each set of arms 
carrying a pair of polythene coated 
spring clips to hold a burette, and a 
label holder with a slip on plastic cover. 
The spider also carries six polythene 
coated spring clips between the arms to 
hold the lower ends of the six glass 
feeder tubes, and a second stainless steel 
rod fitted with a collar carrying six 
similar clips to hold the upper ends of 
the tubes. The feeder tubes are normally 
connected to reservoirs above the level 
of the stand in which the reagents are 
stored. The lower ends of the tubes are 
connected to aspirator type burettes 
held in the stand, as shown in the 
illustration. 
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The spider will rotate through 300°, 
with indexing at each 60° interval, 
enabling each burette to be brought into 
position in turn. A fixed stop prevents 
the spider from being rotated through 
more than 300° and thus tangling the 
connecting tubes to the reservoirs. 

The stand will accommodate either 25 
ml. or 50 ml. burettes fitted with two 
way stopcocks, and is supplied with 
feeder tubes but without burettes and 
rubber connections. 

(Manufacturers: Baird & Tatlock (Lon- 
don) Ltd., Chadwell Heath, Essex.) 


Submersible Pumps 


‘D.A.G.” triple purpose submersible 
pumps occupy a prominent place in 
modern laboratory equipment because 
of the variety of applications in which 
they can be used. 





7? 


Model Mark I submersible 
pump. 


They can so easily be taken to the 
operation site to function with almost 
any type of vessel in glass, steel, and 
other materials up to almost any 
capacity, for mixing, stirring, pumping 








and circulating in temperatures up to 
120° C. processing water, chemicals, 
essential oils and perfumes, edible oils, 
and other fluids of light viscosity. They 
can be left operating for an almost un- 
limited period of time, with only a 
minimum of supervision. Pumping 
operation is so powerful, that discharge 
is effective over a considerable distance. 

They are invaluable in all forms of 
laboratory processing, particularly when 
experimental mixing has to be discharged 
to other vessels. 

Only a small number of parts are used 
in construction. There are no ‘gadgets’ 
or complicated parts. There is little or 
nothing to go wrong and all parts are 
interchangeable. The submersed parts 
are in stainless steel. 

(Manufacturers: D. A. Gunn (Engineer- 
ing), Ltd., 32 Park Road North, 
London, W.3.) 


D290 Grating Mono- 
chromator 


This new, inexpensive, grating mono- 
for 


chromator is intended primarily 
laboratory workers, microscopists, 
teachers, and others, who require a 


simple light source of variable wave- 
length. 

The instrument is novel in construc- 
tion and uses a plane grating as the 
dispersing element. This grating has 
15,000 lines to the inch and gives a 
reciprocal dispersion of 70 A/mm. The 
slits, variable in width from 0 to | mm., 
are of the simple unilateral form and 
are so coupled that, whatever their 
width, the peak wavelength of the 
transmitted radiation remains constant. 
The wavelength can be varied from 200 
to 1,000 mu and is controlled by a knob 
with an indicator reading to I mu. 

The monochromator is reversible and 
can be mounted on its baseplate with 
the slits horizontal or vertical. Without 
the baseplate it measures only 33 x 15 x 
9 cm., and the baseplate itself measures 
20 x 20 x 2 cm. The total weight is 6 kg. 
(Manufacturers: Hilger & Watts Ltd.. 
98 St. Pancras Way, Camden Road, 
London, N.W.1.) 


CATALOGUES, BROCHURES & LEAFLETS 


Received from Manufacturers 


B.D.H. Leaflets —New entries in the 
catalogue of British Drug Houses Ltd., 
of Poole, Dorset, are listed in the July 
issue of their monthly leaflet. These are 
as follows: Organic and Inorganic 
Chemicals.—Acetone-dicarboxylic acid; 
4-hydroxy-coumarin; Macdonald's re- 
agent for the determination of fat in 
milk and milk products; 8-propiolac- 
tone; 1-(2-pyridyl-azo)-2-naphthol; 
tetrahydro-thiophene; and uranium ox- 
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ide black technical. The company have 
also issued a leaflet describing the 
determination of cyanide by means of 
the B.D.H. Lovibond nessleriser. 

High Vacuum Equipment.—Bulletin 
No. [10 issued by General Engineering 
Co. (Radcliffe) Ltd.. of Bury Road, 
Radcliffe, Lancs., contains details of the 
high vacuum equipment now being 
made by the company. The _ items 
include pumps, valves and gauges. 
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General 


B.F.M.1.R.A. Open Days 
The laboratories of the British Food 
Manufacturing Industries Research As- 
sociation at Randalls Road, Leather- 
head, Surrey, were open to members and 


visitors on September 16 and 17. 
Visitors were able so see the wide range 
of work carried out at Leatherhead for 
the British food manufacturing industry. 


Manufacturers’ News 


School Equipment 

Charles Hearson & Co. Ltd. exhibited 
a selection of their wide range of labora- 
tory apparatus for schools at the recent 
School Equipment Exhibition. In addi- 
tion to incubators, hot plates and the 
recently introduced stainless steel general 
purpose water bath (which sells at the 
very competitive figure of £27. 10s. Od.), 
a range of realistically priced physics 
apparatus was shown. 

One brand new piece of equipment, 
the Quadrate oven, was introduced for 
the first time at this exhibition. With a 
working space of 12 in. cube, and 
operating up to 200° C. with a maximum 
temperature fluctuation of + 3° C., this 
robustly constructed oven of most 
pleasing appearance designed for school 
use and sells at £35. Os. Od. 








The new Quadrate oven which ‘was intro- 
duced by Charles Hearson & Co. Ltd., at 
the recent School Equipment Exhibition. 
This offers the research worker a piece of 


equipment of first-class quality. 
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Change of Address 

Universal Laboratories Ltd., whose 
products include Daxaids, Dascote, 
Leeve, and Cleer, have moved their 
head office to their plant at Wear Bay 
Road, Folkestone, Kent. All correspon- 
dence should be sent to the new address. 
The telephone number will be changed 
to Folkestone 51981, but the telegraphic 
address will remain unchanged. 





Publications 


Zincon 

Monograph No. 37, Zincon, Reagent for 
Zine and Mercury Metal Indication, by 
Eileen A. Johnson, B.Sc., F.R.1.C., and 
W. Jablonki of the Hopkin & Williams 
analytical laboratories, has been now 
published by Hopkin & Williams Ltd. 
Chadwell Heath, Essex. 


MEETINGS FOR THE MONTH 


Mid-October to Mid-November 


Mid-October to Mid-November 
We give below a selection of meetings of 
interest to laboratory workers. Details 
are as full as possible at the time of going 
to press, but readers requiring further 
information or confirmation of arrange- 
ments should contact the organizers. 

October 9 


The Society of Instrument Technology 
(Midland Section). In the lecture theatre 
of the Byng Kendrick Suite at the Gosta 
Green College of Technology, Aston 
Street, Birmingham. 7 p.m. ‘Methods of 
Testing Electrical Equipment used in 
the Car Industry’, by P. Luckhurst. 


October 13 

The Society for Analytical Chemistry 
(North of England Section). At the 
the British Iron & Steel Research 
Association, Sheffield. 7 p.m. Joint 
meeting with the Physical Methods 
Group of the Society and the Modern 
Methods of Analysis Group of the 
Sheffield Metallurgical Association on 
‘Modern Methods of Titration.” 


October 14 

The Society of Instrument Technology 
(London Section). At Manson House, 26 
Portland Place, London, W.1. 6.30 p.m. 
‘An Automatic Analogue Computer for 
Missile Homing Investigations,’ by J. G. 
Thomason, B.Sc.,.A.INST.P., A.M.I.E.E. 
The Society for Analytical Chemistry 
(Midlands Section). At the Technical 
College, Coventry. 7 p.m. ‘The Analytical 
Chemistry of Tantalum and Niobium,’ 
by A. R. Powell, F.R.S. 


October 15 

The Society of Instrument Technology 
(East Midland Section). At the Univer- 
sity, University Park, Nottingham. 6.45 
p.m. ‘The Atomic Clock,’ by L. Essen, 
O.B.E., D.Sc., A.M.I.E.E., F.B.H.I. 

The Society of Instrument Technology 
(Tees-side Section). At the Cleveland 
Scientific and Technical Institute, Cor- 
poration Road, Middlesbrough. 7.30 
p.m. ‘An Ultrasonic Flowmeter,’ by 
R. E.  Fischbacher, B.Sc., A.R.LC., 
A.M.LE.E. 
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October 27 

The Society of Instrument Technology 
(London Section). At Manson House, 26 
Portland Place, London, W.1. 6.30 p.m. 
“Modern Development in Optical Instru- 
ments,” by J. H. Bach, B.Sc., and G. E. 
Fishter. 

The Society for Analytical Chemistry 
(Midlands Section). At the Technical 
College, Nottingham. 7 p.m. Discussion 
on ‘The Purity of Analytical Reagents,’ 
to be opened by J. T. Yardley, B.Sc., 
F.R.L.C. 

The Society for Analytical Chemistry 
(North of England Section). At the 
Chemistry Lecture Theatre, King’s Col- 
lege, Newcastle. 6.30 p.m. Joint meeting 
with the Physical Methods Group of the 
Society and the Newcastle and North- 
east Coast Section of the R.I.C. on 
“X-ray Fluorescence.’ 


October 29 
The Society of Instrument Technology 
(Grangemouth Section). In the Ellwyn 
Restaurant, Newlands Road, Grange- 
mouth. 7 p.m. ‘Electrode Problems in 
Plant pH Measurement,’ by G. Mattock, 
B.Sc., Ph.D., A.R.L.C. 


October 30 

The Society of Instrument Technology 
(Liverpool Section). Annual Dinner. 
The Society for Analytical Chemistry 
(North of England Section). 2.30 p.m. 
Visit to the Analytical Laboratories, 
Research Department, I.C.I. Billingham 
Division. At the Metropole Hotel, 
Stockton-on-Tees. 7.30 p.m. Meeting on 
‘The Changing Aspects of Chemical 
Analysis’ by H. N. Wilson, F.R.1.c. 

The Society for Analytical Chemistry 
(Scottish Section). At Queen’s College, 
Dundee. 5 p.m. ‘Complexones with 
Special Reference to E.D.T.A.,’ by H. J. 
Cluley, M.Sc., Ph.D., F.R.I.C. 

The Society for Analytical Chemistry 
(Western Section). At Salisbury. Joint 
meeting with the Mid-Southern Coun- 
ties Section of the R.I.C. on ‘Analytical 
Chemistry and Clinical Diagnosis,’ by 
Prof. Sir E. Charles Dodds, M.v.O., F.R.S. 
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TALKING SHOP! 























They are both research chemists but they work in 
widely differing fields; their requirements for 
laboratory chemicals are on the whole distinct. 
However if you asked them why they obtained their 
supply of laboratory chemicals from May & Baker 
they would give you the same answer. 

They demand reliability and convenience; M&B 
brand laboratory chemicals provide just those 
qualities. 




















There are now well over six hundred laboratory 
chemicals in the M&B range. The labels on the con- 
tainers give full individual specifications of the 
contents. 


Detailed information is available on request. 








LABORATORY CHEMICALS 
AND REAGENTS 





MANUFACTURED BY MAY & BAKFR LTD =. * TEL: DOMINION 3060 EXT. 320 





WILD-BARFIELD 
LABORATORY 






This vertical crucible muffle is 
ideal for many purposes in the 
laboratory. The energy regulator 
hand temperature controller is 
effective over a wide working 
range and is completely reliable. 
Standard models are suitable for 
operation on 190/250 volts A.C., 
and have a maximum operating 
temperature of 1050°C. (1922°F.). 
Wild-Barfield’s great experience 
ensures perfect performance 
and a long, trouble-free life. Full 
details will be supplied on request. 









ensure perfect 
performance 

















NOW AVAILABLE 
FROM STOCK 








4h 
ELECTR! 


di) FOR ALL HEAT-TREATMENT PURPOSES 


WHA LLU Sa 


S“ 








WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 28091(8 lines) 
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Introducing...... 


THE ‘QUADRATE’ OVEN 


Designed specially to meet the needs of teaching 
and industrial laboratories, this new oven, on 
modern lines, is robustly constructed and has 
excellent performance characteristics up to a tem- 
perature of 200°C. 


Liner and Outer Case are of welded mild steel. 
Finish: High grade hammer silver-grey stove enamel. 
Working-Space: 12” x12” x12”, with two shelves. 
Overall Size: 17” Wide x 16” Deep x 21” High. 


Control is by means of a variable thermostat which 
gives a maximum temperature fluctuation of +-3°C. 


H-2260 THE ‘QUADRATE’ OVEN... £35 Os. Od. 


Hearson 


CHARLES HEARSON & CO., LTD. 
Willow Walk, London, S.E.1. Tel. BER. 4494 


and at 161 Brownlow Hill, Liverpool, 3 


end runner 


Available with four mortar sizes, 
7 in., 10 in., 15 in. and 20 in. 
Mills supplied complete with 
electric motor and starter and 
with either ceramic or metal 
mortars and pestlies. 


The mortars and pesties are 
interchangeable. A ceramic set 
can be used to process material 
adversely affected by contact with 
metal and a metal set, either high 
grade cast iron or stainless iron, 
san be carried as a spare set for 
use on material for which 
ceramic is unsuitable. 





The pesties are arranged to 
either swing clear of or lift out 
of the mortars to facilitate 
emptying or cleaning. 


The No. 0 Model is an 
ideal laboratory unit for 
either dry or wet grinding 
small quantities of mater- 
ial. The mortar is 7 in. 
diameter x 24 in. deep and 
has a working capacity of 
about 250 grammes. 








Write or telephone 
Crawley 25166 for 
List EN 2510 


THE PASCALL ENGINEERING CO. LTD. 
GATWICK ROAD -« CRAWLEY - SUSSEX 
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GESELLSCHAFT FUR 
TEERVERWERTUNG 













Benzo-(m.n.o)- 
fluoranthene 
11,12 - Benzofluoranthene 
1,6 - Dimethylnaphthalene 
1,7 - DimethyI naphthalene 
2,5 - Dimethy! pyridine 
4,5 - Iminophenanthrene 
8 -Indolylacetonitrile 
3- Methyi indole 
1- Methyl pyrene 
1,3,7 - Trimethy! 
naphthalene 


| JACOBSON VAN DEN BERG 
& CO (U.K.) LTD 


3-5 Crutched Friars, London E.C.3 
Tel: ROYal 7664 
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NOW THERE ARE EIGHT 


BERCO 




























Ohms | CURRENT RATINGS 

















+ 10% | 2s | 50 | L75 | L100 | 1.150 | 1.225 | 1.300 | 1.500 
i > 7.07 8.66 10.00 12.50 15.0 17.3 22.3 
TOROIDAL RHEOSTATS :\% 2 i 8 BR BB 
3 2.89 4.08 5.00 5.75 7.07 8 66 10.0 12.9 
5 2.24 3.16 3.88 4.77 5.48 6.71 7.75 10.0 
75 1.62 2.56 3.16 3.65 4.47 5.48 6.32 8.17 
siatiiieanitiiaainiads Bis | te | as | ee | ee | ee | te | 
© popular has the original range of five 25 1:00 eT 173 200 245 3:00 3.46 4.47 
Berco rheostats become that three new 59 4 00, 123 ey 173 2.12 2.45 2.6 
models have been introduced. Like all 100 “500 707 866 1.90 123 150 173 223 
. . d d d 818 1.00 ‘ d 
Bercostats they have five important 200 “354 “$00 $12 707 es 0 2 ise | 
oe 0 26 : d ‘535 ‘655 ‘803 926 119 
features: 500 "224 316 "388 “447 548 ‘67! ‘775 00 | 
we] | | | | | Se | 
# VITREOUS ENAMEL BONDED 3500 too | chat 173 | ‘300 | ‘68 | ‘300 | ‘06 | lees 
Ss uta 22s lt i 5,000 — i 123 141 173 213 245 315 
*® HIGHEST MECHANICAL STRENGTH aoe — 08! \ 118 141 173 200 “238 
. - - _ : - 224 
* MAXIMUM ELECTRICAL 15,000 = = - - ~ = = “183 








PERFORMANCE 
# MINIMUM SIZE IN RELATION TO 
POWER DISSIPATION 
# CAN BE USED IN TROPICAL 
SITUATIONS WITHOUT 
MODIFICATION 










Ask for list 613A, which gives 
full technical details and prices 


from :— 
THE 

BRITISH ELECTRIC 
RESISTANCE CO. LTD. 

Queensway, Ponders End, 

Middlesex. 
‘Phone : Howard 2411 
*Grams : Vitrohm Enfield 


Pioneers of the toriodally wound 
rheostats in England. 
















BR 1331-BXH 
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THE LABORATORY GLASSBLOWERS CO. 


COMPLETE LABORATORY 
FURNISHERS 





Presents: 


THE WATSON 
MARLOW AIR FLOW 
INDUCER 


Patent pending 


Fie AAG, any NS, Soe Full particulars and prices on 


the pipe and nothing else. application 








THE LABORATORY GLASSBLOWERS CO. 


VALLEY WORKS . LANE END ROAD . SANDS . HIGH WYCOMBE . BUCKS 
Telephone: HIGH WYCOMBE 2419 
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METERING PUMPS 





DELIVERY VOLUME % OF MAXIMUM 
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TYPICAL TEST 
CALIBRATION CHART 
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MICROMETER CONTROL SCALE i 
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for small constant flows ALSO DCL for 
DCL MICRO PUMPS DIAPHRAGM 
Adjustable by micrometer PUMPS, 


9 capacity ranges: O—7 ce hr BURSTING DISCS 
to 0— 1500 ce hr. , 





Delivery 
Ex Stock 





Accurate metering pumps suitable for most 
liquids. Variations of flow are obtained by 
micrometer adjustment of stroke whether pump 
is working or stationary 


10 capacity ranges : 

0—0.75 litres hr. to O—37 litres hr. 

Pump heads for different capac.ties are readily 
interchangeable on all OC L Metering Pumps 


Full information available on request. 


THE DISTILLERS COMPANY LIMITED 


ENGINEERING DIVISION, GREAT BURGH 
EPSOM, SURREY Telephone: Burgh Heath 3470 : 














Literature is now available on our NEW 
ADELPHI AMPOULE FILLER (i//ustrated) and 
AMPOULE SEALER with provision for Oxygen. 


2 


Our latest machines 

also include a NEW ~ , 
CHEMIX MIXER with 
adjustable shafts and 
paddles, and a multiple 
NEEDLE CLEANSING 
MACHINE. 





Please ask for details 
of these and our range f 


of equipment. 1a : 
of 


ADELPH! MANUFACTURING CO. LTD. 


Pharmaceutical and Laboratory Equipment Specialists 
20/21 Duncan Terrace, London, N.1 
TERminus 2959 & 9459 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic. Can be left on without attention. Heater cur- 
rent cuts off if water supply is interrupted, or inadequate or 
forgotten. When receiver (5 litres capacity) is full, cur- 
rent cuts off. When distilled water is drawn from receiver, 
the still resumes operation until receiver is refilled. 








Purity. Electrostatically charged condenser droplets can 
pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 







Efficiency. Heater of Scorah design and manufacture, con- 
sumption 1700 watts, output 2-4 litres per hour (the full 
theoretical yield). Cost 34d. per gallon at Id. per unit. 





This unique water still is in use in a number of research establish- : ; 7 

ments and hospitals where water of the highest purity is essential. Safety. The heating element is out of contact with the feed 
water thus eliminating danger from ‘live’ water supply 

Price complete with heater and all electrical equipment or electrolytic effects or ‘burn out’. 

230 volt (a.c. only)—£25. 10s. Od. inclusive of carriage and 





packing in U.K. Assembly. No retort stands or clamps are required. The 
Obtainable ONLY from 24” diameter ball joint gives a strainless set-up. Outlet 
aaah z ‘ cap on boiler for quick periodical drain-off of sediment. 


® V. D. SCORAH, M.Sc. The still may be installed on a shelf or platform about 


1 ft. above bench level near a sink and enclosed in a trans- 


(Manufacturer of the “SCORAH’ Blowpipe). parent plastic cover to keep out dust. Phoenix heat- 
44, NORTHFIELD ROAD, KINGS NORTON, resisting glass. Interchangeable ground glass joints. 
BIRMINGHAM, 30. Kings Norton 1 88 5 
f Sole Agents for: 


GAINSBOROUGH INCUBATORS & OVENS x visit our sHowROOMS x 
SOXHLET & SEROLOGICAL BATHS, 
& FLASK HEATERS 


BROCHURE ON REQUEST 






Agents & Stockists for 

Oertling & Stanton Balances 
Muffle & Tube Furnaces 
Electrothermal-Mantles & Tapes 
Microscopes 

Pyrex, Monax, Firmasil 

Davisil, Quickfit & Quartz 

& E-Mil Glassware 

Worcester Royal Porcelain 
Fume Extraction Systems & Laboratory Furniture 


RALPH CUTHBERT LTD 


COMPLETE LABORATORY FURNISHERS 


Head Office London Showroom 
10-16 WESTGATE, HUDDERSFIELD 26 MORTIMER STREET, LONDON, W.1 
Tel: 6323 Tel: MUSeum 3512/3 
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the NEW 
CIRCOTHERM II 


instantly converts any container 

into a precision constant tem- 

perature bath—more easily than 
ever before 





Cees Soe ee GE ae On EN Soman 

ADJUSTABLE 
CONTACT 
THERMOMETER 







REFERENCE 
THERMOMETER 


2. a8 F ee FF 


SIGNAL LAMP 


CENTRIFUGAL 
puMP 


ADJUSTASLE ORIACE 
STIARER 


HEATER 700 WATTS 








Heater, stirrer, pump, contact thermometer, 
reference thermometer, built-in transistor relay and 
motor are combined in one compact moulded 
housing capable of maintaining a uniform tem- 
perature within +-0.1° C. The powerful centrifugal 
pump will circulate up to 7 litres per minute—and 
may be used as a source of constant temperature 
liquid for supplying external apparatus, etc. 





SHANDON) 


Write for illustrated leaflet to: 
SHANDON SCIENTIFIC COMPANY LTD. 
6 Cromwell Place, London, S.W.7. Tel: KNI 1131 
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Stopcocks and 


/n terkey Apparatus 


Fitted with 


Interchangeable 











PYRE X 
GLASS 


ANY KEY 
will fit ANY BARREL 


Guaranteed within BSS 
leakage tolerance 


t ‘ / 
eta ) re 


G. SPRINGHAM & Co. 
HARI N 





MICHROME STAINS 


& Reagents for Microscopy, Histochemistry, etc- 


Adenosin. Carminic Acid. Cytase. Fettrot. Giemsa. Janus green. 

Lacmoid. Leishman. Pyronin. Thionin. Lipase. Mannitol. 

Ribonuclease. Toluidine blue. TPN. 
New books by Edward Gurr 

ENCYCLOPAEDIA OF MICROSCOPIC STAINS 
about 500 pages Royal 8vo., price about 95/- 
‘Methods of Analytical Histology and Histochemistry’ 334 pages 
Roy. 8vo., price 70/- 


‘Microscopic Staining Techniques’ No. 4 (Ist. edit.), No. 3 (2nd. 
edit., Sols coal 0S seane cath ocean 6/- (U.S.A. $1.00), 


EDWARD GURR LTD., 


Urease. etc. 





42, Upper Richmond Road West, London, S.W.14 

















Royal Berlin Porcelain | 

Jena Glassware 
Merck Chemicals & Indicator Papers. 
Refractory & Thermocouple Tubing 





ANDERMAN & CO. LTD. 
Battlebridge House, 
87-95 Tooley Street, London, S.E.1. 
HOP. 0035 
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FOUNDED 


THE HAWKSLEY 
MICRO-HAEMATOCRIT 
CENTRIFUGE 
A new, high- 
speed centri- 
fuge specially 
designed to 
give complete 
cell packing in 
five minutes 
using a micro 
quantity of 
capillary or 
venous blood. 





Your usual supplier of Hawksley products 
will gladly give full details 


HAWKSLEY & SONS LIMITED 
LONDON, ENGLAND 



































ATTACHMENT CAMERA 
for 
PHOTOMICROGRAPHY 





35 mm. or plates 


* Versatility 
* Speed 
* Quality 


R. & J. BECK LTD 


69/71 MORTIMER ST - LONDON W.1 
Pre-eminent for more than a century 
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For more than 70 years 


E. Merck AG., Darmstadt, guarantees the purity 
of their reagents. Purposeful research, careful 
manufacture and conscientious contro! are the 
principles forming the reputation of our products. 


Guaranteed pure reagents 7/lewt 

are internationally recognized since the guarantee 
certificate on every package demonstrates their 
purity and reliability. 


From our sales range: 


Titrisols* 
Concentrates in special ampoules for the easy 
preparation of standardized solutions 


Titriplexes* 
Disodium salt of Ethylenediaminetetraacetic acid 
(EDTA) in substance and standardized solutions 


Indicators of all types 

Universal-and Special-Indicator-Papers 
lon exchangers for analytical purposes 
Spot reagents 

Preparations for chromatography 


Please ask for special pamphlets. 


Our distributor of laboratory-chemicals 
and reagents in the U.K. are 


Messrs. Anderman & Co., Ltd. 
Battlebridge House 








London S.E.1 E. MERCK AG- DARMSTADT 
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INSTRUMENT 


GEARS 


PRECISION MACHINE CUT 








Gp Ne 


FOR 1 c.c. to 100 c.c. 


SPENCER 


Cc 


WITH PROVISION 
FOR COOLING 











Cross-section 


showing how the 
100 c.c. beaker is 


accommodated 
in the plastic 
container, pro- 
viding space for 
coolant 





Universal 
Container 
Attachment 
for quantities 
down to 1 c.c. 











OMPONENTS 
5 HIGH STREET, 
KINGS HEATH, 
BIRMINGHAM . 14 





mogeniser 


and MACERATOR 





Ask for MSE Publication No. 131 
MEASURING & SCIENTIFIC EQUIPMENT LIMITED 


Spenser Street, London, S.W.1. 
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fy 


Specially designed thermometers for ali 
Laboratory purposes. 

Made in accordance with 1.P., B.S.1., 
S.T.P.T.C. & A.S.T.M. specifications. 

Short range, short stem, Calori- 
meter and Secondary Reference 
Standard thermometers. 
N.P.L. Certified if A Precision Hydrometers 


required. for Density, Specific 
Gravity and all Arbitrary 
scales. 
la 


y 4 Glass sheathed Insulated thermo- 
meters for Chemical purposes. 


° 


4 


A 


ya Mercury in Steel, Vapour Pressure and 


y 4 Bimetallic thermometers. 


4 


G. H. ZEAL wo. 


LOMBARD RD., MORDEN RD., LONDON, S.W.19 


Phone: Liberty 2283/4/5/6. Grams: Zealdom, Souphone, London 

















Seal and sell your product 
with BRIGHTLY PRINTED 
Packaging Tape. Available 
with filmic, paper or cloth 
backing single ply or lamin- 
ated for shelf strip. Write for 
sample coils for testing. 





\ 








LTD. 
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SAMUEL JONES & CO. 


NEW BRIDGE STREET, LONDON, €E.C.4 Tel. FLEet Street 6500 
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Adelphi Manufacturing Co., Ltd. oa ae CCXXViil 
Anderman & Co., Ltd. a ae ae oo CORE 


Astell Laboratory Service Co., Ltd. CCXVili 
Baird & Tatlock (London) Ltd. Cover iv 
Barcham Green, J., Ltd. : a ae CCXXXiii 
Beck, R. & J., Ltd. ie sd se a .. CCXXXi 
Beecroft & Partners, Ltd. es ie oa CCXVili 
British Drug Houses Ltd., The a aa .. CCXVi 
British Electric Resistance Co., Ltd. .. aa CCXXVil 
Chemapol oa re oa .. CCXili 
Classified Advertisements ; CCXXXIV 
: ooke, Troughton & Simms, L td. CCXXViil 


Cuthbert, Ralph, Ltd... 9°...) we CCXXIX 


Datum Metal Products, Ltd. September 
Davey & Moore, Ltd. September 
Difco Laboratories, Inc. , Cover iii 
Distillers Company, Ltd., The CCXXVili 
Electrothermal Engineering Ltd. . CCXXiii 
Elga Products, Ltd. , a an a Cover i 
Elliott, H. J., Ltd. a a - is .. CCXXii 
Engelhard Industries, Ltd. - Ae a . 
Esco (Rubber) Ltd. ae CCXXXIV 
Evans Medical Supplies, Ltd. September 
Gallenkamp, A. & Co., Ltd. September 
Gerrard, T. & Co., Ltd. < _ .. September 
Griffin & George, Ltd. .. + os si .« CCXXIV 
Gurr, Edward, Ltd. - os a a . COREE 
Hawksley & Sons, Ltd. - id iia .. CCXXXi 
Hearson, Charles & Co., Ltd... - ms .. CCXXVi 
Hopkin & Williams, Ltd. . September 
International Combustion Products, Ltd. Cover ii 
Isopad, Ltd. 
Jacobson Van Den Berg & Co. (U.K.) Ltd. .. CCXXVi 


NEW 
cascade sample divider 


A simple, inexpensive unit for 
quickly obtaining a representa- 
tive sample of any bulk material 
for a sieve analysis of the particle 
size range. 


Unit consists of astationary hop- 
per located over a cone distri- 
butor mounted on a revolving 
table around which receiving 
bins are held with easily detach- 
able clips. Hopper fitted with a 
valve providing variable control 
of discharge rate from hopper to 
receiving bins below. 


Automatically mixes, cones and 
divides a bulk sample of material 
retaining in each division same 
proportion of each particle size 
as in bulk material. 








THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD - CRAWLEY - SUSSEX 


Write or telephone 
Crawley 25166 for 
List SD 2510 


Index to Advertisers 





Jones, Samuel, & Co.,Ltd. .. CCXXXii 
Laboratory Glassblowers Co., Ltd. - CCXXVil 
Light, L. & Co., Ltd. .. i i ~ .. June 
London Office Machines, Ltd. - 7 .. July 
Loughborough Glass Co., Ltd. as me —— aon 
Manesty Machines, Ltd. . cs September 
May & Baker, Ltd. ' nS .+ CCXXV 
Measuring & Scientific Equipment, Ltd. CCXXXii 
E. Merck, A.G. ~ .. CCXXXI 
Moncrieff, John, ‘Lid. . .. CCXIX 


Newport Instruments (Scientific & Mobile) Ltd. September 
Orme Scientific, Ltd. . . September 
Oxford University Press" : es io - cx 
Oxo Limited, (Medical Dept. ) September 
Pascall Engineering Co., Ltd., The CCxXvi & CCXXxXiii 


Permutit Co., Ltd., The =e =4 ys .. CCXXii 
Savage & Parsons, Ltd. “e Je i -. Cm 
Scorah, L. V. D., M.Sc. zs ae . « CCXXiX 
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GREENS PURE 


FILTER PAPERS 





have been made since 1915 


Write at once for descriptive Catalogue 
which contains charts of ash, comparative 
tables and 40 pages of information, vitally 


interesting to all chemists. 


Write at once for this free Catalogue 18 G.59. 


J. BARCHAM GREEN LTD. 
MAIDSTONE - ENGLAND 
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CLASSIFIED 
ERTISEMENT 


All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other 
advertisements, 6d. per word minimum of 10s. Semi-display advertisements 4s. per line, minimum £2. 
Display advertisements at tariff rates. Box Numbers count as four words. Replies forwarded 1s. extra. 
Replies to Box Numbers must be addressed to Laboratory Practice, 9 Gough Square, Fleet Street, 


London, E.C.4 


The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think 
proper to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but 
Should an error be made the Proprietors will not hold themselves responsible in any way for same. 


OFFICIAL APPOINTMENTS 


ABORATORY TECHNICIAN 

(male or female) required by Medical 
Department, Government of Swaziland 
for one tour of three years in first 
instance. 

Men. Salary according to experience 
in scale £650 rising to £940 a year plus 
Temporary Variable Cost of Living 
Allowance £100/£145 a year (if married) 
or £50/£72 a year if single. Free passages 
for officer and wife and free passages 


for children or allowance in lieu if 
educated outside the Territory. 
Women. Must be single. Salary 


according to experience in scale £500 
soe. to £816 a year plus Temporary 
Variable Cost of Living Allowance 
£38/£63 a year. Free passages. 

Gratuity 12$ per cent basic salary 
payable to male or female officer. 


Liberal leave on full salary. Candidates 
must be either B.Sc. or A.I.M.L.T. 
Qualifications in Serology, Parasitology, 
Bacteriology and Haematology an ad- 
vantage. Write to the Crown Agents, 4 
Millbank, London, S.W.1. State age 
name in block letters, full qualifications 
and experience and quote M3C/52678 


LAQ. 


SITUATIONS VACANT 


ABORATORY FURNISHERS 
require active Technical Representa- 
tive. Box 124. 


XPANDING LABORATORY 

FURNISHERS, 50 miles from Lon- 
don, require Office/Stores Manager. 
Applicant must be experienced, reliable 
conscientious. Five day week, salary by 
agreement. Pension Scheme. Box 125. 





Position and Salary: 
Duties: 


Conditions: 
Salary will commence on taking up duty. 
Applications: 


Supply, 
lodged by 20th October, 1959. 


COMMONWEALTH OF AUSTRALIA 





DEPARTMENT OF SUPPLY 


INSTRUMENT DESIGN 


Applications are invited for the following permanent position at the Weapons Research 

Establishment, near Adelaide, South Australia: 

TECHNICAL OFFICER GRADE 2: 

Undertake detailed design and fabrication of special instruments used in study of 
factors affecting performance of optical instrumentation. 

Qualifications: Wide experience in the use of laboratory and field instruments for measuring 
the performance of lenses, cameras and film emulsions desirable. 

The successful applicant and family (wife and dependent children) wil) be 

sponsored by the Department of Supply and nominated for early migration to Australia. 

Housing at a reasonable rental will be made 

available shortly after commencement of duty. 

Forms available from the Senior Representative, (AV 35/9) Department of 

Australia House, Strand, London, W.C.2, 


£A1370/1460 per annum. 


with whom applications should be 




















RESEARCH LABORATORY 


TECHNICAL ASSISTANT 


required by Electron Physics Section for 
work involving the operation of high 
resolution electron microscopes and also 
maintaining them in first class condition. 
Technical qualifications of a Higher 
National Certificate standard are desir- 
able and whilst not essential, experience 
in vacuum technology and an interest in 
electronics would be an advantage. 

The Laboratory serves a large group 
of Companies and is situated in pleasant 
rural surroundings near Reading with 
fast train services to London 

5-day Week 
Pension Scheme 
Apply in writing, quoting reference 
No. EP/A/5, to the Personnel Officer, 
Research Laboratory, 
ASSOCIATED ELECTRICAL 
INDUSTRIES LIMITED 


Aldermaston Court, 
Aldermanston, Berkshire 











NOTICES 
RE You Interested In Animals 
Without being A Fanatic? Then 
write for free, illustrated prospectus to 
UFAW (The Universities Federation for 
Animal Welfare), 7A Lamb’s Conduit 
Passage, London, W.C.1. 


SERVICES AVAILABLE 
LECTRIC FURNACES—For all 
laboratory and production purposes. 
500°C. to 1750°C. Standard sizes. Also 
specialists in meeting individual require- 
ments. Leading makers for over 30 
years. Catterson-Smith Ltd., Exhibition 
Grounds, Wembley, Middlesex. 

HERMOMETERS, Scientific and 

Industrial, Glass and metal compo- 
nents, enquiries to J. McKenzie & Son, 
40 Rosoman Street, London, E.C.1. 
Telephone: Terminus 7533. 

















‘E.R.P.” WATERCLEAR FLEXIBLE 
PLASTIC TUBING 
Non-toxic for bacteriological work and 
blood transfusion—sterilizable at 120°C. 


@ ‘ESCORUBBER’ SILICONE RUBBER 
TRANSLUCENT TUBING & BUNGS 
Non-toxic—will withstand repeated dry 

heat sterilization at 160°C. 


ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Products 
34-36 Somerford Grove, London, N.16. 


goods. 
despatch. 

















WORKS MANAGER 


PRODUCTION ENGINEER 


Age 46, offers his services to a progressive Company 
that can make a fuller use of proved capabilities. 

For many years Works Manager and Production 
Engineer to a firm of Manufacturing Chemists of 
world-wide repute, producing 120 lines of packaged 
Supervision of raw materials, 


Expert knowledge of Automatic packaging mach- 
inery. Able to design to suit particular requirements. 


& 


stock and 


Box 126 
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microbiological reagents and media 
for 


TISSUE CULTURE 
and 


VIRUS PROPAGATION 


A vl These reagents are prepared and standardized to 
‘Yj preserve unaltered the properties of the original 
''\"''Ayy/ material and include those commonly employed for 
Vinay the slide, roller tube and flask culture techniques 
{ for propagation and study of tissue cells and 


\"i\' 
NI viruses im vitro. 


REAGENTS OF ANIMAL ORIGIN —- Desiccated and Liquid 
Plasma, Sera and Serous Fluids 
Embryos and Embryo Extracts 
Ultrafiltrates 
REAGENTS, CHEMICALLY DEFINED — Dilute and Concentrate 
Synthetic Media — Eagle-HeLa, Eagle L, Scherer, 
199, 703 and all formulas 


Balanced Salt Solutions — Earle, Gey, Hanks, Osgood, 
Simms, Tyrode and all formulas 


ENZYMES ® INDICATORS @ AMINO ACIDS | fy 


SIGS 

HYDROLYSATES ®MEDIA ENRICHMENTS @2*77/25) 
(S/ REY 

BIOCHEMICALS ® CARBOHYDRATES , Re 


is 


———— 


Over 60 years’ experience assures 


UNIFORMITY - STABILITY - ECONOMY 


Difco Laboratories 


Prompt delivery from U.K stock. Write for Difco Manual and technical 
leaflets to the sole agents: 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester and Glasgow Agents throughout U.K. and all over the world 


complete laboratory service 





TAS/DO2. 
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B.T.L. ‘BARA’ 


wiDBE RAN G E 


Incubator 


Developed from the long line of successful 
B.T.L. incubators, this new, all-metal, 
water-jacketed model has manyimproved 
features. 

¢ Temperature range is from ambient to 80°C. 
« Temperature variation at any point in the 
chamber is +0.4°C at 37°C and +0.2°C at 
56°C. 

« Temperature differential between two points 
is 1.5°C at 37°C and 3.0°C at 56°C. 

« Temperature control is by B.T.L. bimetallic 
regulator and ‘Sunvic’ relay, giving repro- 
ducibility of +-0.5°C. 

« Temperature setting is by arbitrary illumi- 
nated scale used in conjunction with calibra- 
tion table. 

+ Chamber is of tinned copper, with three 
shelves, and there is an internal door of 
toughened plate glass. 

« Dimensions are: internal, 20$” wide x 17° 
deep x 27” high; overall, 34$” wide x 24}” 
deep « 384” high. 





Catalogue No. C13/015, Price £125.0.0. Pease write for full details. 


complete laboratory service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Agents throughout U.K. and all over the world 


Branches in London, Manchester & Glasgow 
TAS/BT.45 











